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3(prml)TC5(prml) ) adjacent to the top-strand cleavage point. The 
unlabeled substrate was a concatemer of S2 obtained by 
self-ligation (S2n). S2 also contained two mismatched spacer 
positions next to the top-strand cleavage site 

(5(prml)AG3(prml)/3(prml)AA5(prml) ) . Following strand swapping 
between SI and S2, the spacers would be fully matched 
( 5 ( prml ) AG 3 ( prml ) /3 ( prml ) TC5 ( prml ) and 

5(prml)TT3(prml)/3(prml)AA5(prml) ) . Strand cleavage and strand 
transfer products are designated CP and STP, respectively. S 
represents the substrate. The heterogeneity in strand transfer 
products results from the multiplicity of crossover points within 
S2n. For each reaction set with a complementing protein pair, the 
leftmost lane represents a reaction with the triad variant alone 
(at the same molar concentration as in the rightmost lane). The 
next three lanes represent reactions containing the triad variant 
and Flp(Y343F) in approximate molar ratios of 1:1, 1:1.5, and 
1:2, respectively. Roughly 3 pmol of Fl£(Y343F) was present per 
pmol of the Flp-binding element. Lane C represents an assay with 
no Flp or Flp variant added to the reaction. The Flp reaction 
shown in lane 2 contained SI but not S2n. The product X likely 
arose by cleavage within SI and subsequent phosphoryl transfer to 
the 5 (prml) -hydroxy 1 group of the unannealed top-strand 
oligodeoxynucleotide of SI present in the reaction. The size of 
X, as measured against standard molecular size markers, fits this 
explanation. Note the presence of X in a reaction containing SI 
alone (lane 2). WT, wild type. 

End_Page 7497 

recombination by Flp , they do not allow us to distinguish among 
the three potential types of trans DNA cleavage, trans 
horizontal, trans vertical, and trans diagonal (6; Fig. 1A) . 
Results obtained with half-site reactions tend to disfavor the 
trans-vertical mode, while distinction between the 
trans-horizontal and trans-diagonal modes is not possible. Our 
expressed preference for trans-diagonal cleavage (6) over 
trans-horizontal cleavage must be tempered by the possibility 
that half sites are likely to enjoy greater freedom of stacking 
interactions in solution over full sites (11; Fig. IB). The 
critical question is: what is the cleavage mode in full-site 
recombination? The answer can be sought provided a tagged 
recombinase can be targeted to a specific binding arm within a 
full-site recombination complex. 
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Flp assembles a functional active site from partial active sites 
during full-site recombination: 

The apparent cis DNA cleavage by Int in full attB sites and 
Holliday junctions calls into question the pertinence of the 
active-site assembly by Flp during a half-site reaction to that 
during normal recombination. The design of full sites containing 
mismatched spacers has allowed us to address this issue directly. 
Complementation by step arrest variants of Flp to mediate strand 
cleavage in full sites supports the shared-active-site 
configuration during a normal recombination reaction. In a 
reaction carried out by a pair of Flp step arrest mutants, 
cleavage is executed by the protein partner harboring Tyr-343, 
thus virtually excluding the operation of an aberrant pathway 
during complementation. 

Recently, mechanistic analyses of another Int family recombinase, 
Xer (responsible for stable chromosome partitioning in 
Escherichia coli), have become possible (5). Recombination in 
this system requires the combined action of two recombinases , 
XerC and XerD. The binding arms of the Xer target site encode 
specificities for each of the two protein monomers. The cleavage 
pattern observed with Xer is most easily explained by cis DNA 
cleavage, although one particular type of trans cleavage (trans 
vertical or partner trans; 6, 16) cannot be ruled out. 

The (lambda) Int and Xer examples, contrasted with Flp , imply 
that Int family recombinases do not conform to the same rules in 
building their active sites. However, one suspects that, within 
the fully assembled active sites of these proteins, key catalytic 
residues must have the same relative spatial disposition. This 
would account for the fact that they follow the same chemistry of 
recombination. Global diversity and limited homology, which are 
the hallmarks of this family (3), would then make a strong case 
for mechanistic convergence (8, 16) among proteins that execute 
chemically identical reactions. 

Which mode of trans cleavage does Flp follow?: 

While our results strongly support trans DNA cleavage during 

full-site 

FIG. 5. [GREY SCALE PLATE AVAILABLE] Complementation between 
F1e(Y34 3F) and double or triple triad mutants of Flp in full-site 
cleavage. The substrate was labeled at the 3(prml) ends. The 
proteins used in the assays are indicated above the lanes. The 
substrate band (S) and the cleavage products (CL and CR) are 
labeled as in Fig. 3. A control reaction without Flp or Flp 
variants is shown in lane C. 

FIG. 6. [GREY SCALE PLATE AVAILABLE] Strand transfer in full 
sites by pairwise combinations of Flp step arrest mutants. The 
substrates used in the assay are schematically shown at the top. 
The labeled substrate SI contained (sup32)P at the 3(prml) end of 
the top strand and two spacer mismatches (5(prml)TT3(prml) and 
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The successful execution of strand exchange within a full site by 
a complementing pair of Flp variants fully corroborates the 
inference from half-site reactions that Flp(Y343F) (harboring an 
intact RHR triad) can facilitate not only strand cleavage but 
also strand joining by using a Tyr-343 residue and a 
5 (prml) -hydroxy 1 group , respectively, donated in trans. 

DISCUSSION 

The partial-active-site-trans DNA cleavage model for Flp was 
first proposed to account for the pattern of DNA cleavage and 
strand transfer in half-site substrates by complementing 

FIG. 3. [GREY SCALE PLATE AVAILABLE] Complementation between 
Flp( Y343F) and triad mutants of Flp in full-site substrates. The 
full site used in the assays is schematically represented at the 
top (Fig. 2). The parallel arrows represent the Flp -binding 
elements; the short vertical arrows indicate the points of strand 
cleavage by Flp. The two mismatched positions within the spacer 
adjacent to the cleavage sites are shown by the bubbles. DNA 
seguences unrelated to recombination are symbolized by the wavy 
lines. The asterisks stand for the (sup32)P label at the 3 (prml) 
ends. Products of cleavage from the top strand (left) and the 
bottom strand (right) are labeled CL and CR, respectively. The 
substrate band is designated S. The lane marked C is a reaction 
in which no Flp or Flp variant was added. WT, wild type. 

FIG. 4. [GREY SCALE PLATE AVAILABLE] Identification of the 
protein partner responsible for strand cleavage during catalytic 
complementation. Strand cleavage assays were carried out by using 
the substrate used in reactions shown in Fig. 3. The radioactive 
label was placed at the 5 (prml) end of each strand (asterisks). 
The covalent DNA-protein complex resulting from strand cleavage 
by Flp (or a Flp variant) is called DPC; that derived from 
GST-Flp (or a GST-Flp variant) is called DPCG. The doublets 
corresponding to DPC or DPCG are most likely cleavage products 
derived from the top and bottom strands. The substrate DNA band 
is marked S. Flp and the Flp variants used in the reactions are 
indicated above the appropriate lanes. Lane C is a control 
reaction without added Flp or Flp variants. WT, wild type. 

End_Page 7496 

pairs of catalytic Flp mutants (6, 7, 13). The validity of the 
model was then verified for the R recombinase from Z. rouxii in 
half-site strand transfer reactions (24). The simplicity and 
functional parsimony of the model led us to speculate that the 
rules of active-site assembly and of DNA cleavage are likely to 
extend beyond the yeast site-specific recombinases and encompass 
the entire Int family. Experiments with (lambda) Int and suicide 
attL, attB, or Holliday junction substrates have yielded rather 
paradoxical results (10, 16). While one set of results supports 
the Flp paradigm (10), the other set casts doubt on the 
generality of the model (16). 
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recombination could be kept hidden. However, difficulty in 
selectively binding a protein monomer to one of the two normal 
binding elements of the full-site substrate poses an impediment 
to the rigorous testing of this prediction. Nevertheless, the 
degree of cleavage reduction obtained upon the mixing of roughly 
equal amounts of Flp and F1e(H305L, Y34 3F) was consistent with 
inactivation of the wild-type partner in a 
double-mutant-wild-type protein pair (data not shown). 

Strand transfer in bubbled full sites by pairwise combination of 
F1e(Y343F) and triad variants of Flp: 

According to the partial-active-site-trans-cleavage model, during 
complementation between a Flp triad mutant and Flp(Y343F), 
cleavage should occur on the scissile phosphodiester adjacent to 
the bound F1e(Y343F) (the cis configuration in Fig. 1A) and away 
from the triad mutant (the trans configuration in Fig. 1A) (6, 
7 ) . Once the DNA 3 ( prml ) -phosphotyrosy 1 bond has been formed , 
FiE(Y343F) can facilitate the strand- joining reaction by using 
the 5 (prml) -hydroxy 1 group as the nucleophile (13, 17). In the 
bubbled full-site substrate, the spacer mismatch inhibits the 
joining reaction. However, if one used a pair of substrates (SI 
and S2n in Fig. 6), each mismatched within its spacer but fully 
matched with the partner's spacer, strand joining within a 
substrate (parental mode) would be suppressed but that between 
partners (recombinant mode) would be encouraged. Even when the 
lack of a second pair of exchanges (as with a pair of 
complementing mutants) would tend to reverse this reaction, one 
might expect to trap some of the strand transfer product. With 
wild-type Flp, strand transfer products were formed from this 
pair of substrates (lane 3 in Fig. 6). The heterogeneity of 
strand transfer products results from the fact that one of the 
two DNA substrates (the nonradioactive one) was a concatemer of a 
single full site (S2) obtained by ligation. We resorted to this 
trick because, under our assay conditions, strand transfer 
efficiency was increased severalfold by increasing the length of 
at least one of the recombination partners. The size of the 
recombinant strand would depend on the site within S2n at which 
crossover occurred. In reactions containing Flp f Y343F) in 
combination with a triad single mutant or a triad double mutant, 
strand transfer was indeed detected (lanes 6 to 8, 10 to 12, 14 
to 16, and 18 to 20 in Fig. 6). The low level of reaction 
compared with the wild type is not surprising. Since a 
single-strand transfer requires a matched pair of cleavage events 
within the two substrates (on the top strands or the bottom 
strands), only a reaction complex containing two appropriately 
positioned £1e(Y343F) and triad mutant monomers would be 
successful in completing an exchange event. Further, unlike, the 
wild-type reaction, the mutant pair reaction cannot execute the 
second pair of exchanges that yields the mature recombinant 
product. One would expect, therefore, that reversal of the first 
exchange (due to the absence of a second exchange) would be more 
pronounced in a reaction containing the complementing partners 
than in the wild-type reaction. 
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cleavage product corresponded in size to that obtained with 
GST-Flp (lane 9 in Fig. 4). 

The pattern of DNA-protein adducts observed in the 
complementation reactions demonstrates that cleavage is carried 
out exclusively by the protein partner that harbors the 
active-site tyrosine. The simplest interpretation of the results 
is that it is indeed Tyr-343 that performs strand cleavage. The 
more complex scenario in which the active species is derived from 
the triad variant but is a surrogate nucleophile rather than 
Tyr-343 is not excluded. However, this possibility is strongly 
discounted by the fact that no complementation was obtained 
between F1e(Y343F) and a double variant altered at a triad 
position and Tyr-343 (data not shown). 

The donor of Tyr-343 during catalytic complementation can be 
mutated at all triad positions: 

The shared-active-site model for Flp predicts that a Flp variant 
doubly or triply mutated in the RHR triad would be as competent 
as the single mutant in catalytic complementation with Flp(Y343F) 
provided their binding affinities for the target DNA do not 
differ significantly. This prediction has been verified in 
half -site recombination (7). We tested two triad double mutants 
and a triad triple mutant in combination with Flp( Y343F) in the 
cleavage assay with the bubbled full site (Fig. 5). Individually, 
neither the triad mutants nor F1e(Y343F) could effect strand 
cleavage (lanes 3, 4, 6, and 8 in Fig. 5). In contrast, each pair 
formed by mixing Flp(Y343F) and a triad mutant in roughly 
equimolar amounts exhibited approximately the same levels of 
complementation (lanes 5, 7, and 9 in Fig. 5). A second strong 
prediction of the partial-active-site model is that a triad 
mutant that also lacks Tyr-343 in combination with wild-type Flp 
will produce a catalytically inactive protein pair. This 
prediction could be directly tested in half-site reactions, since 
one could load the double mutant on a radioactively labeled half 
site and the wild-type protein on an unlabeled half site and then 
monitor 

FIG. 2. Full-site substrates containing spacer mismatches. The 
sequences of the synthetic full sites used in the strand cleavage 
and strand transfer assays are shown. The Fl^-binding elements 
are in boldface. Sequences flanking the Flp target site are 
represented by wavy lines. The positions of spacer mismatches 
(bubbles) are indicated. The experiments in which they were used 
are indicated by the corresponding figure numbers. S2n refers to 
a concatemer of S2 (8 to 10 monomeric units, on average). The 
spacer mismatches in SI and S2 are such that strand swapping 
between the two substrates (following strand cleavage) would 
produce perfect complementarity. 
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strand transfer only from the labeled substrate upon mixing of 
the prebound complexes (7). Thus, the background of wild-type 
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site is cleaved, the short spacer segment on the cleaved strand 
does not remain stably hydrogen bonded to its complementary 
sequence. Hence, it is effectively lost from the reaction center 
by diffusion. The 5 (prml) -hydroxy 1 group of the spacer on the 
noncleaved strand can then act as a phosphoryl acceptor to 
complete a half -site recombination event. Details of half -site 
reactions have been previously described (for example, see 
reference 22). Whereas two Flp monomers bound to a full site are 
restricted in their interactions by spacer connectivity, two half 
sites, each associated with a Flp monomer, are not subject to 
this constraint. They could potentially assume the configurations 
indicated. These correspond to variations of the trans 
interactions depicted in panel A. 

End_Page 7494 

These results are consistent with the partial active-site model 
arrived at from half-site reactions (6). According to this model, 
a mutant pair can build an active site in which the RHR triad is 
contributed by Flp(Y343F) and Tyr-343 is contributed by the triad 
mutant. Therefore, strand cleavage becomes possible. 

The nucleophile in the cleavage reaction by a pair of 
complementing Flp variants is Tyr-343: 

The partial-active-site model is based on the tacit assumption 
that strand cleavage is executed by the lone Tyr-343 present 
within a pair of the complementing protein monomers. The model 
would break down if, in the absence of Tyr-343, a substitute 
nucleophile in the form of a serine, threonine, cysteine, or 
another tyrosine could take up its function. We have ruled out 
the possibility of cis cleavage by a nucleophile other than 
Tyr-343 in complementation reactions with half sites (24). In the 
full-site context, activation of a surrogate nucleophile within 
Flp(Y343F) as a result of allosteric interactions among the 
protein monomers is not impossible. To test the surrogate 
nucleophile hypothesis, the assay was done with a bubbled full 
site labeled at the 5 (prml) end on both strands and a 
complementing pair of Flp variants made up of a normal-sized 
protein and a 30-kDa larger protein partner obtained as a fusion 
with GST. The protein-DNA adduct formed by Flp and the GST- Flp 
hybrid upon DNA cleavage can be distinguished by the difference 
in electrophoretic migration between them (lanes 2 and 3 in Fig. 
4). Flp (Y343F) or GST-Flp( Y343F) did not yield the cleavage 
product, as expected (lanes 4 and 6 in Fig. 4). Flp(H305L) and 
GST-Flp(H305L) yielded low levels of the cleavage products with 
the expected mobilities (lanes 5 and 7 in Fig. 4). The low level 
of strand cleavage by these proteins was as predicted by the 
results shown in Fig. 3. However, in partnership with Flp 
(Y343F), they produced elevated levels of cleavage commensurate 
with catalytic complementation (lanes 8 and 9 in Fig. 4). When 
the complementing partners were GST-Flp( Y343F) and Flp (H305L) , 
the size of the cleavage product matched that obtained from 
reactions with Flp (lane 8 in Fig. 4). When the reaction 
contained the reciprocal pair, Flp(Y343F) and GST-Flp ( H3 0 5L ) , the 
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substrate (6, 17). However, attempts to obtain catalytic 
complementation between a triad mutant and Flp(Y343F) in full 
sites have not been successful. This is not surprising. In a 
recombination complex containing two monomers of each mutant 
oriented appropriately, a Holliday junction may be formed. Since 
the junction cannot be resolved into recombinants, the exchange 
reaction is reversed to restore the parental configuration. 
Demonstration of complementation therefore required the use of a 
suicide substrate in which the reaction intermediates could be 
readily trapped. We discovered that mismatches at certain 
positions within the strand exchange (spacer) region of a full 
site can strongly inhibit the strand- joining step of 
recombination, thus effectively transforming the sites harboring 
such mismatches into suicide substrates (unpublished data). For 
example, the substrate shown in Fig* 3 contains two adjacent 
mismatches each (bubbles) neighboring the cleavage points at the 
left and right ends of the spacer (Fig. 2). This substrate was 
cleaved efficiently by wild-type Flp. However, since strand 
joining was markedly slowed down (unpublished results), the 
cleavage product accumulated (lane 2 in Fig. 3). As expected, no 
cleavage was obtained with Flp(Y343F) (lane 3 in Fig. 3). Flp 
variants in which either of the two arginine residues from the 
RHR triad (Arg-191 and Arg-308) were changed failed to produce 
the cleavage product (lanes 4 and 8 in Fig. 3). It is known that 
Flp variants of the triad histidine can yield cleavage in a full 
site but are severely diminished in the ability to reseal strands 
(19). However, in a full site with the double bubble, cleavage by 
the histidine variants was significantly lowered relative to that 
obtained with wild-type Flp (compare lanes 6 and 2 in Fig. 3). It 
is possible that the absence of His-305, combined with the 
mismatched spacer configuration, perturbs the normal protein 
interactions that lead to catalysis. The histidine variants are 
also known to test as cleavage incompetent when provided with 
half -site substrates (23). When a triad arginine variant of Flp 
was mixed with Flp(Y343F), they complemented each other, as 
evidenced by the cleavage detected within the bubbled full site 
(lanes 5 and 9 in Fig. 3). Complementation was obtained when Flp 
(Y343F) was paired with the His-305 variant as well. Whereas 
cleavage with the His-305 variant alone was weak (lane 6 in Fig. 
3), the complementing pair yielded much higher levels of cleavage 
(lane 7 in Fig. 3) . 

FIG. 1. Full-site and half-site substrates for Flp site-specific 
recombination. (A) Each full site contains two invertedly 
oriented Flp-binding elements (parallel arrows) bordering the 
strand exchange region (spacer). There is a one-to-one 
association between a binding element and a Flp monomer. 
Conceptually, a full site can be split into a left half site (L) 
and a right half site (R) . The phosphodiesters involved in 
recombination between two full sites are indicated (p). The 
placement of a Flp monomer with respect to these phosphodiesters 
can be described as cis (a), trans horizontal (b) , trans vertical 
(c), or trans diagonal (d) . (B) A half site contains one 
Flp-binding element and one scissile phosphodiester . When the 
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mixture containing 250 mM Tris-HCl (pH 7.8), 4% sodium dodecyl 
sulfate, 40% glycerol, and 300 mM (beta)-mercaptoethanol . 
Suitable aliquots were heated at 95 deg C for 4 min and 
fractionated by electrophoresis in 8% polyacrylamide gels (12). 
The gels were rinsed in distilled water with gentle shaking, 
dried, and subjected to autoradiography. 

General methods: 

Restriction enzyme digestions, isolation of plasmid DNA, and 
other miscellaneous procedures were done as described by Maniatis 
et al. (14) . 

RESULTS 

The normal Flp reaction uses two double-stranded DNA substrates, 
each containing a copy of the Flp recombination target sequence 
(Fig. 1A). These are referred to as full-site substrates. A 
recombination event between two full sites requires the 
cooperative action of four Flp monomers and involves the breakage 
and reformation of four phosphodiester bonds within DNA (two 
breakage-union steps within each substrate partner). The 
disposition of a target-bound Flp monomer with respect to the 
four scissile phosphodiester bonds can be described as cis, trans 
horizontal, trans vertical, or trans diagonal. Conceptually, a 
full site can be split into two half sites, a left half site and 
a right half site. Half-site substrates (Fig. IB), originally 
designed for the (lambda) Int reaction (15) and subsequently 
adapted for the Flp reaction (2, 21, 22), have simplified the 
mechanistic analysis of site-specific recombination. A half site 
contains one Flp-binding element, one scissile phosphodiester, 
and one 5 ( prml ) -hydroxy 1 group that can act as a phosphoryl 
acceptor. Hence, it is capable of undergoing one strand cleavage 
and one strand- joining reaction, precisely half of the chemistry 
that a full site undergoes during a normal recombination event. 
However, while interactions between two Flp monomers within a 
full site are constrained by the continuous DNA segment between 
them (the strand exchange region or the spacer), half sites are 
not subject to such constraints. Hence, two half sites could 
potentially interact with each other in a variety of modes that 
may not be accessible to two full sites (Fig. IB). A legitimate 
concern, then, is that direct extrapolations from half -site to 
full-site reactions may not always be valid. To overcome this 
impediment, the analyses described here were done with 
appropriately modified full-site substrates (Fig. 2). 

Pairwise complementation between Flp(Y343F) and the RHR triad 
variants of Flp during strand cleavage in full sites: 

It is known that a Flp variant altered at one or more of the RHR 
triad positions in combination with a second variant 
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lacking the active-site nucleophile, Flp(Y343F), can mediate a 
strand cleavage and a strand joining event within a half-site 
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heated to 65 deg C for 10 min, and cooled slowly to room 
temperature. The relevant features of these sites are described 
in Results and displayed in the figures. The complete sequences 
of the substrates are available upon request. 

The 3(prml) end of a deoxyoligonucleotide was labeled with 
(alpha) -(sup32)P-labeled cordycepin phosphate. Labeling at the 
5(prml) end was done by the T4 polynucleotide kinase reaction by 
using [ (gamma)-(sup32)P]ATP as the phosphoryl donor. For some 
experiments, the 5(prml) ends were phosphorylated with unlabeled 
ATP. The unreacted cordycepin phosphate or ATP was removed by 
spin dialysis on a G-25 column. Hybridization to the partner 
oligodeoxynucleotide was done in TE. 

Strand cleavage assays: 

Strand cleavage reactions were done under standard recombination 
conditions (6). Normally, 0.05 pmol of the 3(prml) end-labeled 
substrate was reacted with approximately 0.5 pmol of Flp or a Flp 
variant (roughly 5 pmol of Flp per pmol of the binding element) 
in 30 (mu)l of the reaction mixture. Incubations were done at 30 
deg C for 30 min. Reactions were stopped by immersing samples in 
a boiling water bath for 5 min. After addition of sodium dodecyl 
sulfate (final concentration, 0.1%) and proteinase K treatment 
(100 (mu)g per sample for 1 h at 37 deg C) , samples were 
phenol-chloroform extracted and DNA was precipitated with 
ethanol. The DNA pellet was recovered by centrifugation, washed 
twice with 80% ethanol, and dried in vacuo. Strands were 
denatured in 95% formamide at 95 deg C, and samples were 
fractionated by electrophoresis in 10% denaturing polyacrylamide 
gels (acrylamide-bisacrylamide ratio, 19:1). Cleavage products 
were identified following autoradiography. 

Strand transfer assays: 

The synthetic full sites (approximately 45 to 50 bp long, 
carrying EcoRI and Hindlll overhangs at the ends) were poor 
substrates in strand transfer. To increase the efficiency of the 
reaction, assays were done with the monomeric form of a 
radioactively labeled full site and the concatemeric form of the 
unlabeled full-site partner. The concatemer was prepared as 
follows. The full site phosphorylated at the 5(prml) end on both 
strands was ligated at room temperature for 3 h under conditions 
that gave concatemers containing an average of 8 to 10 U of the 
monomer. The strand transfer reactions were done with the normal 
protocols described previously (6). The ratio of the labeled 
substrate to the monomeric equivalent of the unlabeled substrate 
was approximately 1:5. In these assays, approximately 6 to 8 pmol 
of Flp per pmol of the Flp -binding element was present in a 
reaction volume of 30 (mu)l. The samples were processed and 
fractionated as described for the strand cleavage assay. 

Assay for formation of DNA-protein covalent adducts: 
Reactions were carried out under strand transfer conditions with 
a substrate labeled at the 5(prml) ends on both strands. 
Reactions were quenched by addition of an equal volume of a stop 
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The catalytic strategies displayed by Flp and their mechanistic 
implications in recombination suggest that they may be universal 
to the Int family. One set of experiments with (lambda) Int using 
suicide attL substrates supports this notion. Catalytic 
complementation in pairwise combinations of the RHR triad mutants 
of Int with the active-site tyrosine mutant has been demonstrated 
(10). This result is strongly suggestive of trans DNA cleavage by 
Int. However, other results obtained by using suicide attB 
substrates and synthetic Holliday junctions are more 
parsimoniously explained in terms of cis DNA cleavage by Int 
(16). 

The mechanistic dilemma posed by the Int results raises 
fundamental issues regarding the mechanism of Int family 
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site-specific recombination. First, is the apparent cis-trans 
duality a basic feature of the reaction? Second, are there 
multiple modes of active-site assembly within this family? 
Finally, is the half-site reaction mechanistically distinct from 
the full-site reaction? We have devised an experimental design in 
which full sites carrying mismatches in the spacer region serve 
as substrates in complementation tests with step arrest Flp 
mutants. Our results fully support the shared active-site 
paradigm during full-site recombination. Furthermore, the mode of 
DNA cleavage is trans. We have found no evidence of cis-trans 
duality in Flp recombination. 

MATERIALS AND METHODS 

Purification of Flp: 

Wild-type Flp and Flp variants were partially purified 
essentially as described by Prasad et al. (20). Strand cleavage 
and strand transfer assays were carried out with these 
preparations. Some reactions were done with 90 to 95% pure 
proteins obtained by an affinity purification protocol (18). 
Assays with affinity-pure proteins yielded the same results as 
those done with the less pure proteins. Fusion proteins composed 
of Flp (or a Flp variant) and glutathione S-transf erase (GST) 
were purified in accordance with the procedure detailed by Yang 
and Jayaram (24). Protein concentrations were estimated by 
comparing densitometric scans of gel-fractionated aliquots 
stained with Coomassie brilliant blue to similar scans done with 
bovine serum albumin as the standard. These estimates were 
relatively crude and were only accurate within a factor of 2 or 
so. 

Synthetic recombination sites: 

Oligodeoxynucleotides for construction of full sites were 
synthesized in an Applied Biosystems 380A DNA synthesizer by 
using phosphoramidite chemistry (4). Normally, 10 to 20 pmol of 
each of the two appropriate oligodeoxynucleotide pairs was mixed 
in TE (10 mM Tris-HCl [pH 7.8] at 23 deg C, 1 mM EDTA [pH 8.0]), 
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intermediate which, following branch migration, is resolved into 
recombinants by the second pair of cleavage- joining reactions. 
The Int family recombinases use an active-site tyrosine as the 
nucleophile to attack the scissile phosphodiester during the 
strand breakage step. In Flp, this tyrosine residue is Tyr-343 
(9). The active-site tyrosine is one of the invariant tetrad 
residues of the Int family (1, 3). The other three invariant 
residues are two arginines and a histidine (the RHR triad; 
Arg-191, His-305, and Arg-308 in Flp). The strand cleavage 
reaction results in covalent attachment of the recombinase to the 
3(prml) phosphate of DNA and exposure of a 5 ( prml ) -hydroxy 1 group 
at the nick. Strand joining in the recombinant mode is then 
effected via nucleophilic attack, by the 5 (prml) -hydroxy 1 group 
from the nicked strand of one DNA substrate, on the 
3(prml)-phosphotyrosyl bond formed within the partner substrate. 

The Int family recombinases exist in solution as monomers and 
bind to DNA as monomers. Four recombinase monomers must act 
cooperatively to accomplish one round of recombination. Two 
concerted break exchanges must be made at one end of the strand 
exchange region (spacer) to form the Holliday junction. The 
process then needs to be repeated at the other end of the spacer 
to resolve the junction into mature recombinants. How does an Int 
family recombinase coordinate the breakage- joining events within 
the two DNA substrates taking part in recombination? Does the 
recombinase have a built-in mechanism by which it avoids abortive 
partial reactions within an incompletely assembled reaction 
complex? 

The active-site configuration of two Int family members, Flp and 
the Zygosaccharomyces rouxii recombinase R, inferred from 
recombination reactions containing half-site substrates and step 
arrest mutants of the recombinases suggests potential solutions 
to the problems addressed above (6, 7, 13, 17, 24). A monomer of 
Flp or R harbors a partial active site; a complete active site is 
assembled by contribution of residues from more than one 
recombinase monomer. In the shared active site, three of the 
invariant Int family residues, the RHR triad (Arg-191, His-305, 
and Arg-308 in £1e; Arg-207, His-317, and Arg-320 in R) , are 
derived from one monomer; the active-site tyrosine (Tyr-343 in 
flp and Tyr-358 in R) is provided by a second monomer (6, 17). 
Assembly of a functional active site from partial active sites 
neatly accommodates the observation that in reactions with half 
sites, an Flp or an R monomer does not cleave the substrate to 
which it is bound but rather cleaves the substrate bound by a 
second recombinase monomer (trans DNA cleavage; 6). The partial 
active site, together with the trans mode of DNA cleavage, 
suggests possible mechanisms for postponing the chemistry of 
recombination until the complex is fully organized, for 
simultaneously assembling two active sites for coordinated strand 
cleavages, and for coupling the cleavage reaction with the 
conformational switch required for strand joining between partner 
substrates . 
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A combination of half-site substrates and step 
arrest mutants of Flp , a site-specific recombinase 
of the integrase family, had earlier revealed the 
following features of the half-site recombination 
reaction, (i) The Flp active site is assembled by 
sharing of catalytic residues from at least two 
monomers of the protein, (ii) A Flp monomer does not 
cleave the half site to which it is bound (DNA 
cleavage in cis); rather, it cleaves a half site 
bound by a second Flp monomer (DNA cleavage in 
trans). For the (lambda) integrase (Int protein), 
the prototype member of the Int family, catalytic 
complementation between two active-site mutants has 
been observed in reactions with a suicide attL 
substrate. By analogy with Flp P this observation is 
strongly suggestive of a shared active site and of 
trans DNA cleavage. However, reactions with linear 
suicide attB substrates and synthetic Holliday 
junctions are more compatible with cis than with 
trans DNA cleavage. These Int results either argue 
against a common mode of active-site assembly within 
the Int family or challenge the validity of Flp half 
sites as mimics of the normal full-site substrates. 
We devised a strategy to assay catalytic 
complementation between Flp monomers in full sites. 
We found that the full-site reaction follows the 
shared active-site paradigm and the trans mode of 
DNA cleavage. These results suggest that within the 
Int family, a unitary chemical mechanism of 
recombination is achieved by more than one mode of 
physical interaction among the recombinase monomers. 



Text: 



The Flp protein of Saccharomyces cerevisiae is a conservative, 
site-specific DNA recombinase that belongs to the Int ((lambda) 
integrase) family of recombinases (1, 3). Members of this family 
execute recombination in two sequential steps. The first pair of 
strand cleavage- joining reactions produces a Holliday 
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Definition 

GenBank 

NCBI 

Organism 

Comment 



Yeast (S.cerevisiae) 2 micron circle plasmid, complete genome 

Name: YSCPLASM, Accession: J01347 
SeqID: 172190 
Saccharomyces cerevisiae 

[8] sites; mRNA CAP sites and poly-adenylation sites. [9] sites; FLP 
binding. 

[7] sites; FLP cleavage. 

[11] sites; FLP-mediated recombination crossover site. Draft entry and 
clean copy sequence for [5] kindly provided by J.Senecoff, 24-JAN- 
1986. 

Yeast 2 micron plasmid contains two 599 bp inverted repeats separated 
by a large unique (UL) and a small unique (US) region. During 
recombination the UL and US regions invert producing two sequence 
forms that differ in the orientation of one unique region relative to the 
other. The A form is presented below. FLP is the only 2-micron circle- 
encoded protein needed for specific site recombination between the IRs of 

2-micron circle. The minimal size of the recombination site required for 
efficient FLP recombinase-catalyzed recombination in vitro is no more 
than 28 bp, which includes parts of two 13 bp inverted repeats (positions 
690-702 and 71 1-723) and all of an 8 bp spacer (703-710) [5]. The 
FLP recombinase cleaves the DNA at the boundaries of the spacer and 
becomes covalently linked to the spacer DNA [5],[9]. The efficiency of 
the recombination is reduced if the spacer in a recombinant site is 
increased or decreased by 1 bp, while the spacer in the second site is 
unaltered [5]. Recombination between two sites with identical 1-base 
pair additions or deletions is relatively unaffected, suggesting that pairing 
of sequences in the spacer regions is important in FLP-promoted 
recombination events [5]. The sequence asymmetry utilized by the 
recombinase to determine the orientation of the site is located uniquely 
within the spacer region. Another 13 bp direct repeat, is found at 
positions 676-688 [5]. FLP-mediated recombination involving two FLP 
sites that are inverted with respect to each other results in inversion of the 
DNA sequences between the sites [4], If the participating recombination 
sites are in direct orientation, FLP promotes only the excision of the 
intervening DNA sequences [4]. The Rep 1 and Rep proteins are 
involved plasmid partitioning and protein stability. 
A start codon in phase with the Repl coding region is located at positions 
1966-1964. Two CAP sites for Repl mRNA are located beyond the 'atg 1 

codon (position 2008) at positions 2004 and 2005. Complete source 
information: 

Yeast (S.cerevisiae, strain A364A D5) DNA, clones pJDB71 [1], p82~ 
6B [2], CV20 [3], pMMD2 [4], pGP20 [5], pJFS166 [10]. 
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Jul 31, 1992 



Coding region 



172190: 5570..6318 
172190: 1..523 



Coding region 



172190: C2008..887 



Coding region 
Coding region 

Sequence 6318 nt, circular ds genomic 



172190: 2271. .2816 



172190: C5198..4308 



I gaattctgaa 

5 gcaataaaca 

101 aataaagctt 

151 tggcccaaaa 

201 tgaagggcct 



ccagtcctaa aacgagtaaa 
ggaataccaa ttattaaaag 
tgaagaaaaa tgcgccttat 
tctcacattg gaagacattt 
aacggagttg actaatgttg 



taggaccggc aattcttcaa 
ataacttagt cagatcgtac 
tcaatctttg ctataaaaaa 
gatgacctca tttctttcaa 
tgggaaattg gagcgataag 



251 cgtgcttctg ccgtggccag gacaacgtat actcatcaga taacagcaat 

301 acctgatcac tacttcgcac tagtttctcg gtactatgca tatgatccaa 

35 1 tatcaaagga aatgatagca ttgaaggatg agactaatcc aattgaggag 

401 tggcagcata tagaacagct aaagggtagt gctgaaggaa gcatacgata 

451 ccccgcatgg aatgggataa tatcacagga ggtactagac tacctttcat 



501 cctacataaa tagacgcata taagtacgca tttaagcata aacacgcact 

551 atgccgttct tctcatgtat atatatatac aggcaacacg cagatatagg 

501 tgcgacgtga acagtgagct gtatgtgcgc agctcgcgtt gcattttcgg 

551 aagcgctcgt tttcggaaac gctttgaagt tcctattccg aagttcctat 

701 tctctagaaa gtataggaac ttcagagcgc ttttgaaaac caaaagcgct 



751 ctgaagacgc actttcaaaa aaccaaaaac gcaccggact gtaacgagct 
301 actaaaatat tgcgaatacc gcttccacaa acattgctca aaagtatctc 
351 tttgctatat atctctgtgc tatatcccta tataacctac ccatccacct 
901 ttcgctcctt gaacttgcat ctaaactcga cctctacatc aacaggcttc 
951 caatgctctt caaattttac tgtcaagtag acccatacgg ctgtaatatg 

1001 ctgctcttca taatgtaagc ttatctttat cgaatcgtgt gaaaaactac 
1051 taccgcgata aacctttacg gttccctgag attgaattag ttcctttagt 
1101 atatgataca agacactttt gaactttgta cgacgaattt tgaggttcgc 
1151 catcctctgg ctatttccaa ttatcctgtc ggctattatc tccgcctcag 
1201 tttgatcttc cgcttcagac tgccattttt cacataatga atctatttca 



1251 ccccacaatc cttcatccgc ctccgcatct tgttccgtta aactattgac 
1301 ttcatgttgt acattgttta gttcacgaga agggtcctct tcaggcggta 
1351 gctcctgatc tcctatatga cctttatcct gttctctttc cacaaactta 
1401 gaaatgtatt catgaattat ggagcaccta ataacattct tcaaggcgga 
1451 gaagtttggg ccagatgccc aatatgcttg acatgaaaac gtgagaatga 

1501 atttagtatt attgtgatat tctgaggcaa ttttattata atctcgaaga 
1551 taagagaaga atgcagtgac ctttgtattg acaaatggag attccatgta 
1601 tctaaaaaat acgcctttag gccttctgat accctttccc ctgcggttta 
1651 gcgtgccttt tacattaata tctaaaccct ctccgatggt ggcctttaac 



1701 tgactaataa atgcaaccga tataaactgt gataattctg ggtgatttat 



1751 


gattcgatcg 


acaattgtat 


tgtacactag 


tgcaggatca 


ggccaatcca 


1801 


gttctttttc 


aattaccggt 


gtgtcgtctg 


tattcagtac 


atgtccaaca 


1851 


aatgcaaatg 


ctaacgtttt 


gtatttctta 


taattgtcag 


gaactggaaa 


1901 


agtccccctt 


gtcgtctcga 


ttacacacct 


actttcatcg 


tacaccatag 


1951 


gttggaagtg 


ctgcataata 


cattgcttaa 


tacaagcaag 


cagtctctcg 


2001 


ccattcatat 


ttcagttatt 


ttccattaca 


gctgatgtca 


ttgtatatca 


2051 


gcgctgtaaa 


aatctatctg 


ttacagaagg 


ttttcgcggt 


ttttataaac 


2101 


aaaactttcg 


ttacgaaatc 


gagcaatcac 


cccagctgcg 


tatttggaaa 


2151 


ttcgggaaaa 


agtagagcaa 


cgcgagttgc 


attttttaca 


ccataatgca 


2201 


tgattaactt 


cgagaaggga 


ttaaggctaa 


tttcactagt 


atgtttcaaa 


2251 


aacctcaatc 


tgtccattga 


atgccttata 


aaacagctat 


agattgcata 


2301 


gaagagttag 


ctactcaatg 


ctttttgtca 


aagcttactg 


atgatgatgt 


2351 


gtctactttc 


aggcgggtct 


gtagtaagga 


gaatgacatt 


ataaagctgg 


2401 


cacttagaat 


tccacggact 


atagactata 


ctagtatact 


ccgtctactg 


2451 


tacgatacac 


ttccgctcag 


gtccttgtcc 


tttaacgagg 


ccttaccact 


2501 


cttttgttac 


tctattgatc 


cagctcagca 


aaggcagtgt 


gatctaagat 


2551 


tctatcttcg 


cgatgtagta 


aaactagcta 


gaccgagaaa 


gagactagaa 


2601 


atgcaaaagg 


cacttctaca 


atggctgcca 


tcattattat 


ccgatgtgac 


2651 


gctgcagctt 


ctcaatgata 


ttcgaatacg 


ctttgaggag 


atacagccta 


2701 


atatccgaca 


aactgtttta 


cagatttacg 


atcgtacttg 


ttacccatca 


2751 


ttgaattttg 


aacatccgaa 


cctgggagtt 


ttccctgaaa 


cagatagtat 


2801 


atttgaacct 


gtataataat 


atatagtcta 


gcgctttacg 


gaagacaatg 


2851 


tatgtatttc 


ggttcctgga 


gaaactattg 


catctattgc 


ataggtaatc 


2901 


ttgcacgtcg 


catccccggt 


tcattttctg 


cgtttccatc 


ttgcacttca 


2951 


atagcatatc 


tttgttaacg 


aagcatctgt 


gcttcatttt 


gtagaacaaa 


3001 


aatgcaacgc 


gagagcgcta 


atttttcaaa 


caaagaatct 


gagctgcatt 


3051 


tttacagaac 


agaaatgcaa 


cgcgaaagcg 


ctattttacc 


aacgaagaat 


3101 


ctgtgcttca 


tttttgtaaa 


acaaaaatgc 


aacgcgagag 


cgctaatttt 


3151 


tcaaacaaag 


aatctgagct 


gcatttttac 


agaacagaaa 


tgcaacgcga 


3201 


gagcgctatt 


ttaccaacaa 


agaatctata 


cttctttttt 


gttctacaaa 


3251 


aatgcatccc 


gagagcgcta 


tttttctaac 


aaagcatctt 


agattacttt 


3301 


ttttctcctt 


tgtgcgctct 


ataatgcagt 


ctcttgataa 


ctttttgcac 


3351 


tgtaggtccg 


ttaaggttag 


aagaaggcta 


ctttggtgtc 


tattttctct 


3401 


tccataaaaa 


aagcctgact 


ccacttcccg 


cgtttactga 


ttactagcga 


3451 


agctgcgggt 


gcattttttc 


aagataaagg 


catccccgat 


tatattctat 


3501 


accgatgtgg 


attgcgcata 


ctttgtgaac 


agaaagtgat 


agcgttgatg 


3551 


attcttcatt 


ggtcagaaaa 


ttatgaacgg 


tttcttctat 


tttgtctcta 


3601 


tatactacgt 


ataggaaatg 


tttacatttt 


cgtattgttt 


tcgattcact 


3651 


ctatgaatag 


ttcttactac 


aatttttttg 


tctaaagagt 


aatactagag 


3701 


ataaacataa 


aaaatgtaga 


ggtcgagttt 


agatgcaagt 


tcaaggagcg 


3751 


aaaggtggat 


gggtaggtta 


tatagggata 


tagcacagag 


atatatagca 
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aagagatact 


tttgagcaat 


gtttgtggaa 


gcggtattcg 


caatatttta 


3851 


gtagctcgtt 


acagtccggt 


gcgtttttgg 


ttttttgaaa 


gtgcgtcttc 


3901 


agagcgcttt 


tggttttcaa 


aagcgctctg 


aagttcctat 


actttctaga 


3951 


gaataggaac 


ttcggaatag 


gaacttcaaa 


gcgtttccga 


aaacgagcgc 


4001 


ttccgaaaat 


gcaacgcgag 


ctgcgcacat 


acagctcact 


gttcacgtcg 


4051 


cacctatatc 


tgcgtgttgc 


ctgtatatat 


atatacatga 


gaagaacggc 


4101 


atagtgcgtg 


tttatgctta 


aatgcgtact 


tatatgcgtc 


tatttatgta 


4151 


ggatgaaagg 


tagtctagta 


cctcctgtga 


tattatccca 


ttccatgcgg 


4201 


ggtatcgtat 


gcttccttca 


gcactaccct 


ttagctgttc 


tatatgctgc 


4251 


cactcctcaa 


ttggattagt 


ctcatccttc 


aatgctatca 


tttcctttga 


4301 


tattggatca 


taccctagaa 


gtattacgtg 


attttctgcc 


ccttaccctc 


4351 


gttgctactc 


tccttttttt 


cgtgggaacc 


gctttagggc 


cctcagtgat 


4401 


ggtgttttgt 


aatttatatg 


ctcctcttgc 


atttgtgtct 


ctacttcttg 


4451 


ttcgcctgga 


gggaacttct 


tcatttgtat 


tagcatggtt 


cacttcagtc 


4501 


cttccttcca 


actcactctt 


tttttgctgt 


aaacgattct 


ctgccgccag 


4551 


ttcattgaaa 


ctattgaata 


tatcctttag 


agattccggg 


atgaataaat 


4601 


cacctattaa 


agcagcttga 


cgatctggtg 


gaactaaagt 


aagcaattgg 


4651 


gtaacgacgc 


ttacgagctt 


cataacatct 


tettccgttg 


gagctggtgg 


4701 


gactaataac 


tgtgtacaat 


ccatttttct 


catgagcatt 


tcggtagctc 


4751 


tcttcttgtc 


tttctcgggc 


aatcttccta 


ttattatagc 


aatagatttg 


4801 


tatagttgct 


ttctattgtc 


taacagcttg 


ttattctgta 


gcatcaaatc 


4851 


tatggcagcc 


tgacttgctt 


cttgtgaaga 


gagcatacca 


tttccaatcg 


4901 


aatcaaacct 


ttccttaacc 


atcttcgcag 


caggcaaaat 


tacctcagca 


4951 


ctggagtcag 


aagatacgct 


ggaatcttct 


gcgctagaat 


caagaccata 


5001 


cggcctaccg 


gttgtgagag 


attccatggg 


ccttatgaca 


tatcctggaa 
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agagtagctc 


atcagactta 


cgtttactct 


ctatatcaat 


atctacatca 


5101 


ggagcaatca 


tttcaataaa 


cagccgacat 


acatcccaga 


cgctataagc 


5151 


tgtacgtgct 


tttaccgtca 


gattcttggc 


tgtttcaatg 


tcgtccattt 


5201 


tggttttctt 


ttaccagtat 


tgttcgtttg 


ataatgtatt 


cttgcttatt 


5251 


acattataaa 


atctgtgcag 


atcacatgtc 


aaaacaactt 


tttatcacaa 


5301 


gatagtaccg 


caaaacgaac 


ctgcgggccg 


tctaaaaatt 


aaggaaaagc 


5351 


agcaaaggtg 


catttttaaa 


atatgaaatg 


aagataccgc 


agtaccaatt 


5401 


attttcgcag 


tacaaataat 


gcgcggccgg 


tgcatttttc 


gaaagaacgc 


5451 


gagacaaaca 


ggacaattaa 


agttagtttt 


tcgagttagc 


gtgtttgaat 


5501 


actgcaagat 


acaagataaa 


tagagtagtt 


gaaactagat 


atcaattgca 


5551 


cacaagatcg 


gcgctaagca 


tgccacaatt 


tggtatatta 


tgtaaaacac 


5601 


cacctaaggt 


gcttgttcgt 


cagtttgtgg 


aaaggtttga 


aagaccttca 


5651 


ggtgagaaaa 


tagcattatg 


tgctgctgaa 


ctaacctatt 


tatgttggat 


5701 


gattacacat 


aacggaacag 


caatcaagag 


agccacattc 


atgagctata 


5751 


atactatcat 


aagcaattcg 


ctgagtttcg 


atattgtcaa 


taaatcactc 


5801 


cagtttaaat 


acaagacgca 


aaaagcaaca 


attctggaag 


cctcattaaa 


5851 


gaaattgatt 


cctgcttggg 


aatttacaat 


tattccttac 


tatggacaaa 


5901 


aacatcaatc 


tgatatcact 


gatattgtaa 


gtagtttgca 


attacagttc 



5951 g&atcatcgg aagaagcaga taagggaaat agccacagta aaaaaatgct 

6001 taaagcactt ctaagtgagg gtgaaagcat ctgggagatc actgagaaaa 

6051 tactaaattc gtttgagtat acttcgagat ttacaaaaac aaaaacttta 

6101 taccaattcc tcttcctagc tactttcatc aattgtggaa gattcagcga 

6151 tattaagaac gttgatccga aatcatttaa attagtccaa aataagtatc 

6201 tgggagtaat aatccagtgt ttagtgacag agacaaagac aagcgttagt 

6251 aggcacatat acttctttag cgcaaggggt aggatcgatc cacttgtata 

6301 tttggatgaa tttttgag 




PLEASE ENTER HOST PORT ID:x 
L0GINID:dlB4csl 
PASSWORD: 

TERMINAL (ENTER 1, 2, 3, 4, OR ?):2e 
06 JUN 92 14:03:30 U.S. Patent & Trademark Office P0001 

=> set pagelength scroll 

SET COMMAND COMPLETED ffV .£ 

=> 8 f lp(5a)recombinas? 
151 FLP 

6 RECOMBINAS? 
LI 1 FLP ( 5A ) RECOMBINAS? 

= > d 

1. 4,997,757, Mar. 5, 1991, Process for detecting potential carcinogens; 

Robert H. Schiestl, 435/172.1, 6, 29, 172.3; 935/76, 78, 79, 81 [IMAGE 
AVAILABLE] 



Alt-Z FOR HELP] VT102 | FDX | 2400 N81 | LOG CLOSED | PRINT OFF | ON-LINE 
d his 

(FILE 'USPAT' ENTERED AT 14:03:27 ON 06 JUN 92) 
SET PAGELENGTH SCROLL 
LI IS FLP (5A) RECOMBINAS? 

L2 1 S LI AND MAMMAL? 

FILE 'JPOABS' ENTERED AT 14:06:27 ON 06 JUN 92 
L3 0 S LI 

FILE 'USPAT' ENTERED AT 14:06:43 ON 06 JUN 92 

= > d 

'L3' HAS NO ANSWERS 

L3 0 SEA FLP (5A) RECOMBINAS? 

= > d 1.1 

1. 4,997,757, Mar. 5, 1991, Process for detecting potential carcinogens; 
Robert H. Schiestl, 435/172.1, 6, 29, 172.3; 935/76, 78, 79, 84 [IMAGE 
AVAILABLE! 

* > III'' jpuabs 

FILE ' IPOABS' ENTERED AT 14:07:11 ON 06 JUN 92 



• JAPANESE PATENT ABSTRACTS » 

• » 

• CURRENTLY, DATA IS LOADED THROUGH THE ABSTRACT PUBLICATION • 

• DATE OF AUGUST 30, 1991. • 

• THE LATEST GROUPS RECEIVED ARE: C0862 E1105, M1150 & P1245. • 



= > s 11 
L4 



21 FLP 
0 RECOMBINAS? 
0 FLP (5A) RECOMBINAS? 



ta/3/1-130 



3/3/1 (Iten 1 froro file: 155) 

08128396 92266396 

DNA cleavage Jilt\ trans by the active site tyrosine during Flp 

recombination: s^ftching protein partners before exchanging strands- 
Chen JW; Lee/G; Jayaram M 

Depart ment/of Microbiology, University of Texas, Austin 78712. 
Cell (Uf^TED STATEcj) Hay 15 Gg (4) f)fc 47-58, ISSN 0092-8674 

Journal /Code : CQ4 
Lano^iages: ENGLISH 
Daymen t type: JOURNAL ARTICLE 

2/3/2 (Item 2 from file: 155) 

08080444 92218444 

Reactions between Jialf- and full-FLP recombination target sites- A model 
system for analyzing early steps in FLP protein-mediated site-specific 
recombination. 

Qian XH; Inma/RB; Cox 1111 

Department Ai Biochemistry, College of Agricultural and Life Sciences, 
University o/ Wisconsin, Madison 53706. 

J Biol /Chem (UNITED STATES) Apr 15 1992, 267 (11) p7794-805, ISSN 
0021-925&/ Journal Code: HIV 

Contact/Grant No.: GM-32335; GH-14711 

Languages: ENGLISH 

Dj?6u merit type: JOURNAL ARTICLE 

2/3/3 (Item 3 frptn file: 155) 

07913378 92051376, 

FLP-mediated recombination in the vector mosquito, Aedes aegypti. 
Morris AC; ScJrSub TL; James AA 

Department y( Molecular Biology & Biochemistry, University of California, 
Irvine 9271J 

Nucleic/Acids Res (ENGLAND) Nov 11 1991, 19 (21) p5895-900, ISSN 
0305-1048 Journal Code: 08L 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/4 (Item 4 from fi^fe: 155) 

07823652 91342652 

Synapsis, strand scission, and strand exchange induced by the FLP 
•recombinase: analyses with half-FRT sites. 

Amin A; Roca Hy^tietke K; Sadowski PD 

Department of/Medical Genetics, University of Toronto, Ontario, Canada. 
Ilol Cell BLctt Sep 1991, 11 (9) p4497-508, ISSN 0270-7306 
Journal Cod/: NGY 
Languages: ENGLISH 
Docun^nt type: JOURNAL ARTICLE 

2/3/5 (Item 5 from file: 155) 

07777737 91296737 

Domain of a yeast site-specific recombinase (Flp) that recognizes its 
target site. 



Chen JW; Evans BR; Yang SH; Teplow DB; Jayaram M 
Department of Microbiology, University of Texas, Austin 78712. 
Proc Natl Acad Sci USA Jul 15 1931, 86 <14) p5944-8, ISSN 0027-8424 
Journal Code: PV3 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/6 (Item 6 from file: 155) 

07731454 91250454 

Identification of the DNA-binding domain of the FLP recombinase. 
Pan H; Clary D; Sadowski PD 

Department of Medical Genetics, University of Toronto, Ontario, Canada. 
J Biol Chem Jun 15 1991, 266 (17) pll347-54, ISSN 0021-9258 
Journal Code: HIV 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/7 (Item 7 from file: 155) 

07887992 91206992 

Integration specificity of retrotransposons and retroviruses. 
Sandmeyer SB; Hansen LJ;.Chalker DL 

Department of Microbiology and Molecular Genetics, College of Medicine, 
University of California, Irvine 92717. 

Annu Rev Genet 1990, 24 p491-518, ISSN 0066-4197 Journal Code: 6DP 
Contract/Grant No. : GM33281 
Languages: ENGLISH 

Document type: JOURNAL ARTICLE; REVIEW; REVIEW, ACADEMIC 

2/3/8 (Item 8 from file: 155) 

07668658 91187658 

A bacterial model system for chromosomal targeting. 
Huang LC; Wood EA; Cox MM 

Department of Biochemistry, College of Agricultural and Life Sciences, 
University of Wisconsin-Madison 53706. 

Nucleic Acids Res Feb 11 1991, 19 (3) p443-8, ISSN 0305-1048 
Journal Code: 08L 

Contract/Grant No. : GM37835 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/9 (Item 9 from file: 155) 

07645850 91164850 

Recombinase-mediated gene activation and site-specific integration in 
mammalian cells. 

0' Gorman S; Fox DT; Wahl GM 

Gene Expression Laboratory, Salk Institute for Biological Studies, La 
Jolla, CA 92037. 

Science Mar 15 1991, 251 (4999) pl351-5, ISSN 0036-8075 
Journal Code: UJ7 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 



2/3/10 (Item 10 from file: 155) 

07643634 91162634 



Tyr60 variants of Flp recombinase generate conformational ly altere(T 
protein-DNA complexes. Differential activity in full-site and half-site 
recombinations. 

Chen JW; Evans BR; Zheng L; Jayaram M 

Department of Microbiology, University of Texas at Austin, Austin 78712. 
J llol Biol Ham 5 1991, 218 (1) pl07-18, ISSN 0022-2836 
Journal Code: J6V 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/11 (Item 11 from file: 155) 

07554393 91073393 

FLP protein of 2 mu circle plasmid of yeast induces multiple bends in the 
FLP recognition target site. 

Schwartz CJ; Sadowski PD 

Department of Medical Genetics, University of Toronto, Ontario-, Canada. 
J llol Biol Nov 20 1990, 216 <2> p289-98, ISSN 0022-2836 
Journal Code: J6V 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/12 (Item 12 from file: 155) 

07553382 91072382 

Protein-based asymmetry and protein-protein interactions in FLP 
recombinase-mediated site-specific recombination. 

Qian XH; Inman RB; Cox MM 

Program in Cell and Molecular Biology, College of Agricultural and Life 
Sciences, University of Wisconsin, Madison 53706. 

J Biol Chem Dec 15 1990, 265 (35) p21779-88, ISSN 0021-9256 
Journal Code: HIV 

Contract/Grant No.: GM 37835; GM 14711 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/13 (Item 13 from file: 155) 

07490349 91009349 

Identification of the active site tyrosine of Flp recombinase. Possible 
relevance of its location to the mechanism of recombination Cpublished 
erratum appears in J Biol Chem 1991 Apr 15;266 (11) : 73123 

Evans BR; Chen JW; Parsons RL; Bauer TK; Teplow DB; Jayaram M 

Department of Molecular Biology, Research Institute of Scripps Clinic, La 
Jolla, California 92037. 

J Biol Chem Oct 25 1990, 265 (30) pl8504-10, ISSN 0021-9258 
Journal Code: HIV 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/14 (Item 14 from file: 155) 

07410836 90317836 

Synaptic intermediates promoted by the FLP recombinase. 
Amin AA; Beatty LG; Sadowski PD 

Department of Medical Genetics, University of Toronto, Ontario, Canada. 
J Mol Biol Jul 5 1990, 214 (1) p55-72, ISSN 0022-2836 
Journal Code: J6V 




Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/15 (Item 15 from file: 155) 

07263960 90170960 

Functional analysis of Arg-308 mutants of Flp recombinase. Possible role 
of Arg-308 in coupling substrate binding to catalysis. 

Parsons RL; Evans BR; Zheng L; Jayaram 11 

Research Institute of Scripps Clinic, La Jolla, California 92037. 
J Biol Chem liar 15 1990, 265 (8) p4527-33, ISSN 0021-9258 
Journal Code: HIV 
Languages : ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/16 (Item 16 from file: 155) 

07229522 90136522 

Use of site-specific recombination to regenerate selectable markers. 
Cregg JM; Madden KR 

Salk Institute Biotechnology/Industrial Associates, Inc., La Jolla, CA 
92037. 

Ilol Gen Genet Oct 1989, 219 (1-2) p320-3, ISSN 0026-8925 
Journal Code: NGP 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/17 (Item 17 from file: 155) 

07190832 90097832 

Characterization of Holliday structures in FLP protein-promoted 
site-specific recombination. 

Meyer-Leon L; Inman RB; Cox MM 

Program in Cellular and Molecular Biology, College of Agricultural and 
Life Sciences, University of Wisconsin-Madison 53706-1569. 

Mol Cell Biol Jan 1990, 10 (1) p235-42, ISSN 0270-7306 
Journal Code: NGY 

Contract/Grant No.: GM37835; GM14711 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/18 (Item 18 from file: 155) 

07123422 90030422 

The FLP recombinase of yeast catalyzes site-specific recombination in the 
Drosoph ila genome. 

Golic KG; Lindquist S 

Howard Hughes Medical Institute, Department of Molecular Genetics and 
Cell Biology, University of Chicago, Illinois 60637. 

Cell Nov 3 1989, 59 (3) p499-509, ISSN 0092-8674 Journal Code: CQ4 

Contract/Grant No. : GM 25874 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/19 (Item 19 from file: 155) 

07011744 89313744 

Synthesis of an enzymatical ly active FLP recombinase in vitro: search for 
a DNA-binding domain. 



Am in AA; Sadowski PD 

Department of Medical Genetics, University of Toronto, Ontario, Canada. 
Mol Cell Biol May 1989, 9 (5) pl987~95, ISSN 0270-7306 
Journal Code: N6Y 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/20 (Item 20 from file: 155) 

07002130 89304130 

FLP-FRT mediated intrachromosomal recombination on a tandemly duplicated 
YEp integrant at the ILV2 locus of chromosome XIII in Saccharomyces 
cerevisiae. 

Rank GH; Arndt Gil; Xiao U 

Department of Biology, University of Saskatchewan, Saskatoon, Canada. 
Curr Genet Feb 1989, 15 (2) pl07-12, ISSN 0172-8083 Journal Code: 
CUG 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/21 (Item 21 from file: 155) 

06876684 89178684 

FLP recombinase of the 2 microns circle plasmid of Saccharomyces 
cerevisiae bends its DNA target- Isolation of FLP mutants defective in DNA 
bending. 

Schwartz CJ; Sadowski PD 

Department of Medical Genetics, University of Toronto, Ontario, Canada. 
J Mol Biol Feb 20 1989, 205 (4) p647-58, ISSN 0022-2836 
Journal Code: J6V 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/22 (Item 22 from file: 155) 

06825220 89127220 

Holliday intermediates and reaction by-products in FLP protein-promoted 
site-specific recombination. 

Meyer-Leon L; Huang LC; Umlauf SU; Cox MM; Inman RB 

Department of Biochemistry, College of Agriculture and Life Sciences, 
University of Wisconsin-Madison 53706-1569. 

Mol Cell Biol Sep 1988, 8 (9) p3784-96, ISSN 0270-7306 
Journal Code: NGY 

Contract/Grant No.: GM37835; GM14711 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/23 (Item 23 from file: 155) 

06823587 89125587 

The mechanism of loading of the FLP recombinase onto 'its DNA target 
sequence. 

Beatty LG; Sadowski PD 

Department of Medical Genetics, University of Toronto, Ontario, Canada. 
J Mol Biol Nov 20 1988, 204 (2) p283-94, ISSN 0022-2836 
Journal Code: J6V 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 



2/3/24 (Item 24 from file: 155) 

06794920 89096920 

Step-arrest mutants of FLP recombinase: implications for the catalytic 
mechanism of DNA recombination. 

Parsons RL; Prasad Pv*; Harshey RM; Jayaram M 

Department of Molecular Biology, Research Institute of Scripps Clinic, La 
Jolla, California 92037. 

Mol Cell Biol Aug 1988, 8 (8) p3303-10, ISSN 0270-7306 
Journal Code: NGY 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/25 (Item 25 from file: 155) 

06761437 89063437 

High frequency FLP-independent homologous DNA recombination of 2 mu 
plasmid in the yeast Saccharomyces cerevisiae. 

Bruschi CV; Howe GA 

Department of Microbiology and Immunology, School of Medicine, East 
Carolina University, Greenville, NC 27858-4354. 

Curr Genet Sep 1988, 14 (3) pl91-9, ISSN 0172-8083 Journal Code: 
CUG 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/26 (Item 26 from file: 155) 

06740094 89042094 

Holliday junctions in FLP recombination: resolution by step-arrest 
mutants of FLP protein. 

Jayaram M; Grain KL; Parsons RL; Harshey RM 

Department of Molecular Biology, Research Institute of Scripps Clinic, La 
Jolla, CA 92037. 

Proc Natl Acad Sci USA Nov 1988, 85 (21) p7902-6, ISSN 0027-8424 
Journal Code: PU3 
Languages: ENGLISH 
Document type: JOURNAL ARTICLE 

2/3/27 (Item 27 from file: 155) 

06703077 89005077 

The functional significance of DNA sequence structure in a site-specific 
genetic recombination reaction. 

Umlauf SW; Cox MM 

Department of Biochemistry, College of Agricultural and Life Sciences, 
University of Wisconsin-Madison 53706. 

EMBO J Jun 1988, 7 (6) pl845-52, ISSN 0261-4189 Journal Code: EMB 

Contract/Grant No.: GM37835; AI00599; GM07215 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE, 

2/3/28 (Item 28 from file: 155) 

06687975 88332975 

DNA recognition by the FLP recombinase of the yeast 2 mu plasmid. A 
mutational analysis of the FLP binding site. 

Senecoff JF; Rossmeissl PJ; Cox MM 



Department of Biochemistry, College of Agricultural and Life Sciences,* 1 * 
University of Uisconsin-Madison 53706. 

J Mol Biol Hay 20 1986, 201 <2) p405~21, ISSN 0022-2836 
Journal Code: J6V 

Contract/Grant No.: GM37835; AI00599 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/29 (Item 29 from file: 155) 

06643050 88288050 

Nucleotide sequencing and expression of the fadL gene involved in 
long-chain fatty acid transport in Escherichia coli. 

Said B; Ghosn CR; vu L; Nunn UD 

Department of Molecular Biology and Biochemistry, University of 
California, Irvine 92717. 

Nol Microbiol May 1968, 2 (3) p363-70, ISSN 0950-382X 
Journal Code: MOM 

Contract/Grant No.: GM 22466-11 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

2/3/30 (Item 30 from file: 155) 

06618001 88263001 

FLP recombinase is an enzyme* 
Gates CA; Cox MM 

Department of Biochemistry, College of Agricultural and Life Sciences, 
University of Wisconsin-Madison 53706. 

Proc Natl Acad Sci U S A Jul 1988, 85 (13) p4628-32, ISSN 0027-8424 
Journal Code: PV3 
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FEATURES OF THE REACTION 

BEATTY L G; BABINEAU-CLARY D; HOGREFE C; SADOWSKI P D 

DEP. OF MED. GENETICS, UNIV. OF TORONTO, TORONTO M5S 1A8, CANADA. 

J MOL BIOL 188 (4). 1986. 529-544. CODEN: JMOBA 

Full Journal Title: Journal of Molecular Biology 

Language: ENGLISH 

2/3/81 (Item 21 from file: 5) 

5265813 BIOSIS Number: 81033120 

THE FLP RECOMBINASE OF THE SACCHAROMYCES-CEREVISIAE 2 MICROMETFR PLASMID 
ATTACHES COVALENTLY TO DNA VIA A PHOSPHOTYROSYL LINKAGE 
GRONOSTAJSKI R M; SADOWSKI P D 

DEP. MED. GENET. , UNIV. TORONTO, TORONTO, ONT. M5S1A8, CAN. 
MOL CELL BIOL 5 (11). 1985. 3274-3279. CODEN: MCEBD 
Full Journal Title: Molecular and Cellular Biology 
Language: ENGLISH 

2/3/82 (Item 22 from file: 5) 

5256098 BIOSIS Number: 81023405 

THE FLP PROTEIN OF THE 2-MICRON PLASMID OF YEAST SACCHAROMYCES- C-FREVISIAE 
PURIFICATION OF THE PROTEIN FROM ESCHERICHIA-COLI CELLS EXPRESSING THE 
CLONED FLP GENE 

BABINEAU D; VETTER D; ANDREWS B J; GRONOSTAJSKI R M; PROTEAU G ft: BEATTY 
L G; SADOWSKI P D 

DEP. MED. GENETICS, UNIV. TORONTO, TORONTO, M5S 1A8, CANADA. 



J BIOL CHEM 260 (22). 1985. 12313-12319. CODEN: JBCHA 
Full Journal Title: Journal of Biological Chemistry 
Language: ENGLISH 

2/3/83 (Item 23 from file: 5) 

5168213 BIOSIS Numbers 31057528 

THE FLP RECOMBINASE OF THE 2-MICRON PLflSMID OF YEAST 

SADOWSKI P D; ANDREWS B J; BABINEAU-CLARY D; BEATTY L; GRONOSTAJSKI R M; 
PROTEAU G; SIDENBERG D 

DEP. MED. GENET., UNIV. TORONTO, TORONTO M5S 1A8, CANADA. 

SYMPOSIUM ON MECHANISMS OF DNA REPLICATION AND RECOMBINATION HELD AT THE 
15TH ANNUAL MEETING OF THE UCLA (UNIVERSITY OF CALIFORNIA-LOS ANGELES) 
SYMPOSIA ON MOLECULAR AND CELLULAR BIOLOGY, MAR. 16-23, 1986. J CELL 
BIOCHEM SUPPL 0 (10 PART B) . 1986. 137. CODEN: JCBSD 

Language: ENGLISH 

Document Type: CONFERENCE PAPER 

2/3/84 (Item 24 from file: 5) 

4696890 BIOSIS Number: 29054205 

INTERACTION OF THE FLP RECOMBINASE WITH SUBSTRATE 2-MICRON CIRCLE DNA 
ANDREWS B J; BEATTY L; SADOWSKI P D 
UNIV. TORONTO. 

SYMPOSIUM ON YEAST CELL BIOLOGY HELD AT THE 14TH ANNUAL MEETING OF THE 
UCLA (UNIVERSITY OF CALIFORNIA - LOS ANGELES) SYMPOSIA ON MOLECULAR AND 
CELLULAR BIOLOGY, APR. 9-15, 1985. J CELL BIOCHEM SUPPL 0 (9 PART C) . 1985. 
117. CODEN: JCBSD 

Language: ENGLISH 

Document Type: CONFERENCE PAPER 

2/3/85 (Item 1 from file: 399) 

116167825 CA: 116 (17) 167825y PATENT 

Methods for in vitro recombination of multigene families for generation 
of new phenotypes 

INVENTOR (AUTHOR) : Short, Jay M. ; Sorge, Joseph A. 
LOCATION: USA 
ASSIGNEE: Stratagem? 

PATENT: PCT International ; WO 9116427 Al DATE: 911031 
APPLICATION: WO 91US2910 (910424) *US 513957 (900424) 

PAGES: 204 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: C12N-015/00A ; 
C12P-019/34B; C12P-021/06B; C07H-021/00B DESIGNATED COUNTRIES: AU; CA; FI; 
JP; KR; NO DESIGNATED REGIONAL: AT; BE; CH; DE; DK; ES; PR; GB; GR; IT; LU 
; NL; SE 

Copyright 1992 by the American Chemical Society 

2/3/86 (Item 2 from file: 399) 

106208826 CA: 106 (25) 208826p JOURNAL 

Rapid localization and characterization of random mutations within the 
2. mu. circle site-specific recombinase: a general strategy for analysis of 
protein function 

AUTHOR(S): Govind, Nadathur S. ; Jayaram, Makkuni 
LOCATION: Res. Inst. Scripps Clin., La Jolla, CA, 92037, USA 
JOURNAL: Gene DATE: 1987 VOLUME: 51 NUMBER: 1 PAGES: 31-41 CODEN: 
GENED6 ISSN: 0378-1119 LANGUAGE: English 



Copyright 1332 by the American Chemical Society 



2/3/67 (Item 3 from file: 399) 

104001445 CA: 104(1) 1445b JOURNAL 

The FLP recombinase of the yeast 2~.mu.m plasmid: characterization of 
its recombination site 

AUTHOR (S) : Senecoff, Julie F. ; Bruckner, Robert C. ; Cox, Michael M. 

LOCATION: Coll. Ayric. Life Sci., Univ. Wisconsin, Madison, UI, 53706, 
USA 

JOURNAL: Proc. Natl. Acad. Sci. U. S. A. DATE: 1985 VOLUME: />2 
NUMBER: El PAGES: 7270-4 CODEN: PNASA6 ISSN: 0027-8424 LANGUAGE: 
English 

Copyright 1992 by the American Chemical Society 

2/3/83 (Item 4 from file: 399) 

102216080 CA: 102 (25) 216©80y JOURNAL 

The FLP recombinase of the 2.mu. circle DNA of yeast: interaction with 
its target sequences 

AUTHOR(S): Andrews, Brenda J.; Proteau, Gerald A. ; Beatty, Linda G. ; 
Sadowski, Paul D. 

LOCATION: Dep. Med. Genet., Univ. Toronto, Toronto, ON, Can., N5S 1A8 
JOURNAL: Cell (Cambridge, Mass.) DATE: 1985 VOLUME: 40 NUMBIIR: 4 
PAGES: 795-603 CODEN: CELLB5 ISSN: 0092-8674 LANGUAGE: English 

Copyright 1992 by the American Chemical Society 

2/3/69 (Item 1 from file: 434) 

11609410 Genuine Article**: HX635 No. References: 12 
Title: HALF-SITE STRAND TRANSFER BY STEP-ARREST MUTANTS OF YEAST 

SITE-SPECIFIC RECOMBINASE FLP 
Author (5): SERRE MC; JAYARAM M 

Corporate Source: UNIV TEXAS, DEPT MICR0BI0L/AUSTIN//TX/78712; UNIV 

TEXAS, DEPT MI CR0BI0L/AUSTIN//TX/78712 
Journal: JOURNAL OF MOLECULAR BIOLOGY, 1992, V225, N3 (JUN 5), P643-649 
Language: ENGLISH Document Type: ARTICLE 

2/3/90 (Item 2 from file: 434) 

11609409 Genuine Article**: HX635 No. References: 25 
Title: HALF-SITE RECOMBINATIONS MEDIATED BY YEAST SITE-SPECIFIC 

RECOMBINASE-FLP AND RECOMBINASE-R 
Author (s): SERRE MC; EVANS BR; ARAKI H; OSHIMA Y; JAYARAM M 
Corporate Source: UNIV TEXAS, DEPT MICR0BI0L/AUSTIN//TX/76712 ; UNIV 

TEXAS, DEPT MICR0BI0L/AUSTIN//TX/78712 ; OSAKA UNIV,FAC ENGN, DEPT 

FERMENTAT TECHNOL/SU IT A/OSAKA 565/JAPAN/ 
Journal: JOURNAL OF MOLECULAR BIOLOGY, 1992, V225, N3 ( JUN 5) , P .21-642 
Language: ENGLISH Document Type: ARTICLE 

2/3/91 (Item 3 from file: 434) 

11603498 Genuine Article**: HX080 No. References: 40 
Title: MUTAGENESIS OF A CONSERVED REGION OF THE GENE ENCODING THE FLP 

RECOMBINASE OF SACCHAROMYCES-CEREVISI AE - A ROLE FOR ARGININE-191 IN 

BINDING AND LIGATION 



Author <s>: FRIESEN H; SADOWSKI PD * 
Corporate Source: UNIV TORONTO, DEPT MOLEC & MED GENET/TORONTO 

M5S1A8/0NTARI0/CANADA/; UNIV TORONTO, DEPT MOLEC & MED GENET/TORONTO 

M5S1 AS/ONTARIO/CANADA/ 
Journal: JOURNAL OF MOLECULAR BIOLOGY, 1992, V225, N2 (MAY 28), P313-3S6 
Language: ENGLISH Document Type: ARTICLE 

2/3/92 (Item 4 from file: 434) 

11586831 Genuine Article!!: HM855 No- References: 41 
Title: SITE-SPECIFIC RECOMBINASE, R, ENCODED BY YEAST PLASMID PSR1 
Author (s): ARAKI H; NAKANISHI N; EVANS BR; MATSUZAKI H; JAYARAM M-, OSHIMA Y 
Corporate Source: OSAKA UNIV,FAC ENGN, DEPT BIOTECHNOL, 2-1 

Y AM AD AOK A/SUIT A/OSAKA 565/JAPAN/j OSAKA UNIV,FAC ENGN, DEPT 
BIOTECHNOL, 2-1 Y AM AD AOKA/SUIT A/OSAKA 565/JAPAN/; UNIV TEXAS, DEPT 
MICR0BI0L/AUSTIN//TX/78712 
Journal: JOURNAL OF MOLECULAR BIOLOGY, 1992, U225, Nl (MAY 5), PS5-37 
Language: ENGLISH Document Type: ARTICLE 

2/3/93 (Item 5 from file: A3A) 

11506141 Genuine Article!*: HN234 No. References: 35 
Title: SITE-SPECIFIC RECOMBINATION OF 2-MU-M PLASMID OF YEAST 

SACCHARQI1YCES-CEREVISIAE 
Author (s) : PUSHNQVA EA 

Corporate Source: ST PETERBURG PEDIAT MED INST/ST PETERBURG//USSR/ 
Journal: GENETIKA, 1992, V28, N2 (FEB), P25-34 

Language: RUSSIAN Document Type: ARTICLE (Abstract Available) 

2/3/94 (Item G from file: 434) 

11487805 Genuine Article**: HM053 No. References: 33 
Title: SITE-SPECIFIC INTEGRATION OF THE HAEMOPHILUS- INFLUENZAE 

BACTERIOPHAGE HP1 - IDENTIFICATION OF THE POINTS OF RECOMBINATIONAL 
STRAND EXCHANGE AND THE LIMITS OF THE HOST ATTACHMENT SITE 
Author (s): HAUSER MA; SCOCCA JJ 

Corporate Source: JOHNS HOPKINS UNIV,SCH HYG & PUBL HLTH, DEPT 

BIOCHEM/BALTIMORE//MD/21205; JOHNS HOPKINS UNIV,SCH HYG & PUBL 
HLTH, DEPT BIGCHEM/BALTTMORE//MD/21205 

Journal: JOURNAL OF BIOLOGICAL CHEMISTRY, 1992, V267, NIB (APR 5), P 
6,859-6864 

Language: ENGLISH Document Type: ARTICLE (Abstract Available: 

2/3/95 (Item 7 from file: 434) 

113386,62 Genuine Article**: HB304 No. References: 21 
Title: EXCHANGE OF GENE ACTIVITY IN TRANSGENIC PLANTS CATALYZED . Y THE 

CRE-LOX SITE-SPECIFIC RECOMBINATION SYSTEM 
Author (s): BAYLEY CC; MORGAN M; DALE EC; OU DU 
Corporate Source: USDA ARS, CTR PLANT GENE EXPRESS, 800 BUCHANAN 

ST/ ALB AN Y//C A/94710 ; USDA ARS, CTR PLANT GENE EXPRESS, 800 -BUG! ANAN 

ST/ ALBANY//C A/94710 ; UNIV CALIF BERKELEY, DEPT PLANT 

PATHOL/BERKELEY//C A/94720 
Journal: PLANT MOLECULAR BIOLOGY, 1992, V18, N2 (JAN), P353-3&1 
Language: ENGLISH Document Type: ARTICLE (Abstract Available 

2/3/9G (Item 8 from file: 434) 

11317754 Genuine Article**: GZ51G No. References: 33 



Title: A FROG VIRUS-3 GENE CODES FOR A PROTEIN CONTAINING THE MOTIF 03 

CHARACTERISTIC OF THE INT FAMILY OF INTEGRATES 
Author <s): ROHOZINSKI J; GOORHA R 

Corporate Source: ST JUDE CHILDRENS HOSP,DEPT VIROL & MOLEC BIOL, 332 N 

LAUDERDALE, POB 318/HEMPHIS//TN/38101 ; ST JUDE CHILDRENS HOSP,DEPT VIROL 
& MOLEC BIOL, 332 N LAUDERDALE, POB 318/MEMPHIS//TN/38161 

Journal: VIROLOGY, 1992, V186, N2 (FEB) , P693-700 

Language: ENGLISH Document Type: ARTICLE 

2/3/97 (Item 9 from file: 434) 

10583597 Genuine Article**: EP811 No. References: 61 
Title: A NOVEL RECOMBINATOR IN YEAST BASED ON GENE- I I PROTEIN FROM 

BACTERIOPHAGE-^ 
Author (s): STRATHERN JN; WEINSTOCK KG; HIGGINS DR; MCGILL CB 
Corporate Source: NCI , FREDERICK CANC RES & DEV CTR, BASIC RES 

PROGRAM/FREDERICK//MD/21701 
Journal: GENETICS, 1991, V127, Nl, P61-73 

Language: ENGLISH Document Type: ARTICLE (Abstract Available) 

2/3/98 (Item 10 from file: 434) 

09323349 Genuine Articled: T4208 No. References: 45 
Title: FLP REC0I1BINASE OF THE 2-I1U-M CIRCLE PLASM ID OF 

SACCHAROMYCES-CEREVISIAE BENDS ITS DNA TARGET - ISOLATION OF FLP 

MUTANTS DEFECTIVE IN DNA BENDING 
Author (s): SCHWARTZ CJE; SADOWSKI PD 

Corporate Sources UNIV TORONTO, DEPT MED GENET/TORONT( M5S 

1 A8/0NTARI0/CANADA/ 
Journal: JOURNAL OF MOLECULAR BIOLOGY, 1989, V205, N' , P647--658 
Language: ENGLISH Document Type: ARTICLE 

2/3/99 (Item 11 from file: 434) 

07863892 Genuine Article*!: F8861 No. References: 37 

Title: ISOLATION OF INTERMEDIATES IN THE BINDING OF 'HE FLP RECOMBINASE OF 
THE YEAST PLASM ID 2-MIRON CIRCLE TO ITS TARGET SE JUENCE 

Author(s): ANDREWS BJ; BEATTY LG; SADOWSKI PD 

Corporate Source: UNIV TORONTO, DEPT MED GENET/TORQNTC M5S 
1A8/0NTARI0/CANADA/ 

Journal: JOURNAL OF MOLECULAR BIOLOGY, 1987, V193, N2, P345-358 

Language: ENGLISH Document Type: ARTICLE 

2/3/100 (Item 12 from file: 434) 

07372665 Genuine Article**: C9356 No. References: 23 

Title: INTERACTION OF THE FLP RECOMBINASE OF THE SACCHAROMYCES-CEREVISIAE 
2-MU-M PLASM ID WITH MUTATED TARGET SEQUENCES 

Author (s): ANDREWS BJ; MCLEOD M; BROACH J; SADOWSKI PD 

Corporate Source: UNIV TORONTO, DEPT MED GENET/TORONTO M5S 

1 A8/0NTARI0/CANADA/ ; COLD SPRING HARBOR LAB/COLD SPRING • 
HARB0R//NY/11724; PRINCETON UNIV, DEPT MOLEC B IOL/PR I NCET0N//N J/08544 

Journal: MOLECULAR AND CELLULAR BIOLOGY, 1986, V6, N7, P2482-2489 

Language: ENGLISH Document Type: ARTICLE 

2/3/101 (Item 13 from file: 434) 

07260459 Genuine Article**: C1205 No. References: 44 

Title: FLP SITE-SPECIFIC RECOMBINASE OF YEAST 2-MU-M PLASM ID - TOPOLOGICAL 



FEATURES OF THE REACTION 
Author <s>: BEftTTY LG; BABINEAUCLARY D; HOGREFE Cj SADOWSKI PD 
Corporate Source: UNIV TORONTO, DEPT MED GENET/TORONTO M5S 

1A8/0NTARI0/CANADA/ 
Journal: JOURNAL OF MOLECULAR BIOLOGY, 1986, V188, N4, P529-544 
Language: ENGLISH Document Type: ARTICLE 

8/3/102 (Item 14 from file: 434) 

06806789 Genuine Article**: AUF29 No. References: 22 

Title: THE FLP RECOMBINASE OF THE YEAST 2-MU-M PLASHID » CHARACTERIZATION 

OF ITS RECOMBINATION SITE 
Author (s): SENECOFF JF; BRUCKNER RC; COX MM 

Corporate Source: UNIV WISCONSIN, COLL AGR & LIFE SCI, DEPT BIOCHEM,420 HENRY 

MALL/MADISON//WI/53706 
Journal: PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED 

STATES OF AMERICA, 1985, V8E, N21, P7270-7274 
Language: ENGLISH Document Type: ARTICLE 

2/3/103 (Item 15 from file: 434) 

06780315 Genuine Article**: ATE60 No. References: 28 

Title: THE FLP RECOMBINASE OF THE SACCHAROMYCES-CEREVISIAE 2-MU-M PLASMID 

ATTACHES COVALENTLY TO DNA VIA A PHOSPHOTYROSYL LINKAGE 
Author (s): GRONOSTAJSKI RM; SADOWSKI PD 

Corporate Source: UNIV TORONTO, DEPT MED GENET/TORONTO M5S 

1A8/0NTARI0/CANADA/ 
Journal: MOLECULAR AND CELLULAR BIOLOGY, 1965, V5,. Nil, P3274-3279 
Language: ENGLISH Document Type: ARTICLE 

2/3/104 (Item 1 from file: 440) 

03761331 Genuine Article**: HZ483 No. References: 12 

Title: LIGATION ACTIVITY OF FLP RECOMBINASE THE STRAND LIGATION ACTIVITY 

OF A SITE-SPECIFIC RECOMBINASE USING AN ACTIVATED DNA SUBSTRATE 
Author (s): PAN GH; SADOWSKI PD» (Reprint) 

Corporate Source: UNIV TORONTO, DEPT MOLEC & MED GENET/TORONTO 

M5S1 A8/0NTARI0/CANADA/ (Reprint); UNIV TORONTO, DEPT MOLEC £ MED 
GENET/TORONTO M5S1A8/0NTARI0/CANADA/ 

Journal: JOURNAL OF BIOLOGICAL CHEMISTRY, 1992, V267, N16 (JUN 25), P 
12397-12399 

Language: ENGLISH Document Type: NOTE (Abstract Available) 

2/3/105 (Item 1 from file: 76) 

1171271 82001618771 

Mutations in the 2-.mu.rn circle site-specific recombinase that abolish 
recombination without affecting substrate recognition. 

Prasad, P.V.; Young, L.-J.; Jayaram, M. 

Dep. Mol. Biol., Res. Inst. Seripps Clin., 10666 N. Torrey , Pines Rd., La 
Jolla, CA 92037, USA 

PROC. NATL. ACAD. SCI. USA; 84(8), pp. 2169-2193 1987 
Language: English Summary Language: English 

2/3/106 (Item 1 from file: 73) 

8210454 EMBASE No: 91239554 

Erratum: Identification of the active site tyrosine of Flp recombinase. 
Possible relevance of its location to the mechanism of recombination (Vol* 



265 (1390) 18504-18510) 

Evans B.R.; Chen J.-W. ; Parsons R.L.; Bauer T.K. ; Teplow D.B.; Jayaram M. 

J- BIOL. CHEH. (USA) , 1391, 266/11 (7312) CODEN: JBCHA ISSN: 
0021-9258 

LANGUAGES: English 

2/3/107 (Item 2 from file: 73) 

7363228 ENBASE No: 89079376 

FLP recombinase of the 2 micron) circle plasmid of Saccharomyces 
cerevisiae bends its DNA target. Isolation of FLP mutants defective in DNA 
bending 

.Schwartz C.J.E.; Sadowski P.D. 

Department of Medical Genetics, University of Toronto, Toronto, Ont. M5S 
1A8 Canada 

J. MOL. BIOL. (United Kingdom) , 1989, 205/4 (647-658) CODEN: JMQBfl 
ISSN: 0022-2836 
LANGUAGES: English 

2/3/108 (Item 1 from file: 144) 

09775158 PASCAL No. : 91-0572331 

Domain of a yeast site-specific recombinase (Flp) that recognizes its 
target site 

JING-WEN CHEN; EVANS B R; SANG-HWA YANG; TEPLOW D/ B; JAYARAM M 
Univ. Texas, dep. microbiology, Austin TX 78712, USA 

Journal: Proceedings of the National Academy of Sciences of the United 
States of America, 1991, 88 (14) 5944-5948 
Language: English 

2/3/109 (Item 2 from file: 144) 

09771721 PASCAL No.: 91-0568894 

Protein-based assymmetry and protein-protein interactions in FLP 
recombinase-mediated site-specific recombination 
XIAO-HONG QIAN; INMAN R B; COX M M 

Univ. Wisconsin, coll. agricultural life sci., dep. biochemistry, Madison 
WI 53706, USA 

Journal: Journal of biological chemistry (The), 1990, 265 (35) 
21779-21788 

Language: English 

2/3/110 (Item 3 from file: 144) 

09730857 PASCAL No. : 91-0527991 

Site-specific recombination between homologous chromosomes in Drosophila 
GOLIC K G 

Univ. Chicago, Howard Hughes medical inst. , dep; molcular genetics cell 
iology, Chicago IL 60637, USA 

Journal: Science : (Washington, DC), \22^L 252 <5008) 958-961 
Language: English K ' 

2/3/111 (Item 4 from file: 144) 

09563896 PASCAL No.: 91-0354326 

Tyr60 variants of Flp recombinase generate conformational^ altered 
protein-DNA complexes : differential activity in full-site and half-site 
recombinations 

JING-WEN CHEN; EVANS B R; LEI ZHENG; JAYARAM 11 



Univ. Tex as at Austin, dep. microbiology, Austin TX 78712, USA 
Journal: Journal of molecular biology, 1991, 218 (1) 107-118 
Language: English 

2/3/112 (Item 5 from file: 144) 

07823248 PASCAL No.: 87-0302971 

Interaction of the FLP recombinase of the saccharomyces cerevisiae 2 mu m 
plasmid with mutated target sequences 

NDREUS B J; HCLEOD M; BROACH J; SADOUSKI P D 

Univ. Toronto, dep. medical genetics, Toronto ON M5S 1A8, Canada 
^ Journal: Molecular and cellular biology, 1986, 6 (7) 2482-2489 
Language: ENGLISH 

2/3/113 (Item 1 from file: 77) 

89015048 V17N02 

FLP recombinase induction of the breakage-fusion-bridge cycle (BFBC) and 
gene conversion in Saccharomyces cerevisiae 

Rank, G.H. 5 Xiao, W. 5 Kolenovsky, A.; Arndt, 6. 

Univ. Saskatchewan, Saskatoon, Sask. , Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome Poster Paper 

2/3/114 (Item 2 from file: 77) 

89014585 V17N02 

Structure-function "relationship of the sequence specific DNA binding 
function of the FLP recombinase 

Amin, A. A.; Sadowski, P.D. 

Univ. Toronto, Toronto, Ont., Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published .in a Special Volume of 
Journal Genome Poster Paper 

2/3/115 (Item 3 from file: 77) 

89014584 V17N02 

FLP recombinase of 2 mu circle of S. cerevisiae bends its DNA target: An 
in vitro analysis 

Schwartz, C.J.E.; Sadowski, P.D. 

Univ. Toronto, Toronto, Ont. , Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome Poster Paper 



2/3/116 (Item 4 from file: 77) 

89013277 V17N02 



Mutational analysis of the FLP site-specific recombinase of the yeast 2^ 
micron pi asm id 
Sadowski, P. 

Univ. Toronto, Toronto, Ont. , Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome 

2/3/117 (Item 5 from file: 77) 

89012894 V17N02 

Step-arrest mutants of FLP recombinase: Implications for the mechanism of 
•recombination 

Evans, B.R.; Parsons, R. ; Crain, K. ; Jayaram, M. 

Mol. Biol. Dep., Res. Inst. Scripps Clin, and Res. Found., La Jolla, Cfi, 
USA 

14th International Conference on Yeast Genetics and Molecular Biology 
8830578 Espoo (Finland) 7-13 Aug 1988 
European Association for Cancer Research 

Subscription Department C, John Wiley 8 Sons Inc., 605 Third Avenue, New 
York, NY 10158 (USA), Abstracts will be Published in Special Issue of 
Journal 'Yeast' Volume 4. ISSN 0749-503X 

2/3/118 (Item 1 from file: 265) 

0128688 DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO.: 5R01GM35654-07 AGENCY CODE : CRISP 
Site specific recombination in the yeast plasmid 2 micron circle 
PRINCIPAL INVESTIGATOR: JAYARAM, MAKKUNI 

ADDRESS: UNIVERSITY OF TEXAS DEPT OF MICROBIOLOGY AUSTIN, TX 78712 
PERFORMING ORG. : UNIVERSITY OF TEXAS AUSTIN, AUSTIN, TEXAS 
SPONSORING ORG. : NATIONAL INSTITUTE OF GENERAL MEDICAL SCIENCES 
FY : 92 FUNDS: $265,024 

2/3/119 (Item 2 from file: 265) 

0092015 DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO. : 1R01HD28694-01 AGENCY CODE: CRISP 
Site-specific recombination in spermatogenesis (Drosophila) 
PRINCIPAL INVESTIGATOR: GOLIC, KENT G 
ADDRESS: UNIVERSITY OF UTAH SALT LAKE CITY, UT 84112 
PERFORMING ORG. : UNIVERSITY OF UTAH, SALT LAKE CITY, UTAH 
SPONSORING ORG. : NATIONAL INSTITUTE OF CHILD HEALTH AND HUMAN DEVELOPMENT 
FY : 92 FUNDS: $152,007 

2/3/120 (Item 3 from file: 265) 

0019654 DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO. : 9105934; 9105934 AGENCY CODE: NSF 
Genetic Analysis of Pattern Formation During Drosophila Neurogenesis 
PRINCIPAL INVESTIGATOR: Ellis, Hilary M Dr. 

PERFORMING ORG. : Emory University, Biology, Atlanta, GA 30322 
PROJECT MONITOR: Data is not available 

SPONSORING ORG. : National Science Foundation, DIV OF INTEGRATIVE BIOLOGY 
& NEUROSCIENC, Washington, D.C. , 20550 



DATES: 910715 TO 920630 FY : 91 FUNDS: $69,613 



2/3/121 (Item 4 from file: 265) 

0019101 DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO.: 9103946; 9103946 AGENCY CODE: NSF 
Generation of Mosaicism in llice by a Site-Specific Recombinase (FLP) 
PRINCIPAL INVESTIGATOR: 0' Gorman, Stephen Dr. 

PERFORMING ORG.: Salk Institute for Biological Studies, Gene Expression 
Laboratory, San Diego, CA 92128 
PROJECT MONITOR: Thomas E. Brady 

SPONSORING ORG. : National Science Foundation, DIV OF INTEGRATIVE BIOLOGY 
& NEUROSCIENC, Washington, D.C., 20550 

DATES: 910315 TO 920831 FY : 91 FUNDS: $49,522 

2/3/122 (Item 5 from file: 265) 

0016053 DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS - 
IDENTIFYING NO. : 9019220; 9019220 AGENCY CODE: NSF 
Genetic Analysis in Arabidopsis 
PRINCIPAL INVESTIGATOR: Signer, Ethan R Dr. 

PERFORMING ORG. : Massachusetts Institute of Technology, Biology, 
Cambridge, MA 02139 

PROJECT MONITOR: DeLill Nasser 

SPONSORING ORG. : National Science Foundation, DIV OF MOLECULAR & CELLULAR 
BIOSCIENCES, Washington, D.C., 20550 

DATES: 910201 TO 930731 FY : 91 FUNDS: $200,000 

2/3/123 (Item 1 from file: 35) 

01212062 ORDER NO: AADNN-59965 

THE ROLE OF DNA BENDING IN FLP-MEDIATED SITE-SPECIFIC RECOMBINATION 
Author: SCHWARTZ, CAROL JUDITH ELAINE 
Degree: PH. D. 
Year: 1990 

Corporate Source/Institution: UNIVERSITY OF TORONTO (CANADA) (0779) 
Source: VOLUME 52/11-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 

PAGE 5647. 209 PAGES 
ISBN: 0-315--59965-0 

2/3/124 (Item 2 from file: 35) 

01142876 ORDER NO: AAD90-30816 

UNUSUAL DNA STRUCTURE IN SITE-SPECIFIC AND HOMOLOGOUS RECOMBINATION 
(RECOMBINATION) 

Author: UMLAUF, SCOTT W. 

Degree: PH. D. 

Year: 1990 

Corporate Source/Institution: THE UNIVERSITY OF WISCONSIN - MADISON ( 
0262) 

Source: VOLUME 51/09-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 
PAGE 4199. 219 PAGES 

2/3/125 (Item 3 from file: 35) 

1061565 ORDER NO: AAD39--12817 

ANALYSIS OF THE MAJOR DNASE I HYPERSENSITIVE SITE ON THE YEAST TWO-MICRON 
DNA PLASMID 

Author: STRAND, ANDREW DAVID 



Degree: PH.D. 
Year: .1969 

Corporate Huunje/liiati LuUom UNI Vl-f^il I Y 01- MINNLBOTft (UA30) 
Source: VOLUME 50/02-B OF DISSERTATION ABSTRACTS INTERNATIONAL, 
PAGE 446. Ill PAGES 

2/3/126 (Item 4 from file: 35) 

949306 ORDER NO: AAD67-06690 

A GENETIC ANALYSIS OF FACTORS INVOLVED IN THE MAINTENANCE OF THE 2 MICRON 
PLASM ID OF SACCHAROMYCES CEREVISIAE (CHROMATIN) 

Author: VEIT, BRUCE EDWARD 

Degree: PH. D. 

Year: 1966 

Corporate Source/Institution: UNIVERSITY OF WASHINGTON (0250) 
Source: VOLUME 47/12-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 
PAGE 4763. 97 PAGES 

2/3/127 (Item 1 from file: 51) 

00405565 91-03-b0026 SUBFILE: FSTA 

Yeast 2 MUm vectors replicate and undergo recombination in Torulaspora 
delbrueckii. 

Compagno, C. ; Ranzi, B. M. ; Martegani, E. 

Correspondence (Reprint) address, B. M. Ranzi, Dipartimento di Fisiologia 
e Biochimica General i, Sezione di Biochimica Comparata, Univ. di Milano, 
Milan, Italy 

Molecular Microbiology 1969 , 3 (6) 1003-1010 

LANGUAGE: English 

2/3/126 (Item 1 from file: 60) 

09154644 

PROJ NO: NYC-166301 AGENCY : SAES NY.C 
PRO J TYPE: STATE 

START: 01 JUL 91 TERM: 30 JUN 92 
INVEST: MACINTYRE R J 
ENTOMOLOGY 
CORNELL UNIVERSITY 
ITHACA NEW YORK 14653 

DEVELOPMENT OF A MORE EFFICIENT INSECT TRANSFORMATION SYSTEM 

OBJECTIVES:The goal of the research described below is to develop a system 
in which DNA canbe both easily and effectively delivered to insect embryos 
and, using the yeast "flip recombinase" system, insure the recovery of 
transgenic animals at high frequencies. 

PRIMARY HEADINGS: R207 Insect Control-Field Crops jA4500 Protection 
Against Insects ;C6500 Invertebrates ;F131 3 Physiology-Other 

2/3/129 (Item 2 from file: 60) 

09091400 

PROJ NO: WIS02627 AGENCY : SAES WIS 
PROJ TYPE: STATE 

START: 01 JUL 66 TERM: 30 NOV 96 FY: 1969 

INVEST: COX M M 



BIOCHEMISTRY 

UN IV OF WISCONSIN 

MADISON WISCONSIN 53706 



THE BIOCHEMISTRY OF GENETIC RECOMBINATION 

OBJECTIVES:The FLP recombinase (derived from yeast) has been purified 
extensively. The properties of this protein and the recombination event it 
catalyzes are being studied in vitro- The recombination site utilized by 
this protein has been defined in detail. Studies on the mechanism of action 
of this recombination system are now getting underway. 

PRIMARY HEADINGS: R318 Noncommodity Biotechnology, Biometry; A7000 
Experimental Design, Statistical Methods;C6300 Biological Cell Systems; 
F0114 Biochemistry and Biophysics-Other 

2/3/130 (Item 1 from file: 286) 

0050984 Journal Announcement: 08APR91 Doc Type: 2 

Nature, 15 MAR 1991, Vol (No) 251(4999), Page(s) 1351-1355 

1ST COMPANY/ORGANIZATION NAME: 

Salk Institute for Biological Studies, The, USA (1921) 
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(Item 1 from file: 155) 



07645850 91164850 

Recombinase-mediated gene activation and site-specific integration 
mammal i an eel Is. 

0' Gorman S; Fox DT; Wahl Gil 

Gene Expression Laboratory, Salk Institute for Biological Studies, 
Jolla, CA 92037. 

Science liar 15 1391, 251 (4999) pl351-5, ISSN 0036-8075 
Journal Code: UJ7 

Languages: ENGLISH 

Document type: JOURNAL ARTICLE 

3/3/B (Item 1 from file: 434) 

11338662 Genuine Article**: HB304 No. References: 21 
Title: EXCHANGE OF GENE ACTIVITY IN TRANSGENIC PLANTS CATALYZED BY THE 

CRE-LOX SITE-SPECIFIC RECOMBINATION SYSTEM 
Author(s): BAYLEY CC; MORGAN M; DALE EC; OW DW 
Corporate Sources USDA ARS, CTR PLANT GENE EXPRESS, 800 BUCHANAN 

ST/ALBANY//CA/94710; USDA ARS, CTR PLANT GENE EXPRESS, 800 BUCHANAN 

ST/ALBANY//CA/94710; UNIV CALIF BERKELEY, DEPT PLANT 

PATHOL/BERKELEY//C A/94720 
Journal: PLANT MOLECULAR BIOLOGY, 1992, V18, N2 (JAN), P353-361 
Language: ENGLISH Document Type: ARTICLE (Abstract Available) 

3/3/3 (Item 1 from file: 286) 

0050984 Journal Announcement: 08APR91 Doc Type: 2 

Nature, 15 MAR 1991, Vol (No) 251(4999), Page(s) 1351-1355 

1ST COMPANY/ORGANIZATION NAME: 

Salk Institute for Biological Studies, Th- , USA (1921) 
?t3/4/l-3 



3/4/1 (Item 1 from file: 155) 

FN- DIALOG MEDLINE file 155 
AN- 076458501 
AN- <NLM> 911648501 

TI- Recombinase-mediated gene activation and site-specific integration in 

mammalian cells. 1 
AU- QlQ^ rman S ; Fox DT; M ahl GMJ 

CS- Gene Expression Laboratory, Salk Institute for Biological Studies, La 

Jolla, CA 92037- I 
JN- Science; 251 (4999) pl351-5l 
PY- Mar 15 19911 
SN- 0036-80751 a 
JC- UJ7I \ 



DT- JOURNAL ARTICLE I 
JA- 91061 W\H 
SF- INDEX MEDICUSi ^ 
AB- A binary system for gene activation and site-specific integration, 
based on the conditional recombination of transfected sequences 
mediated by the FLP recombinase from yeast, was implemented in 
mammalian cells. In several cell lines, FLP rapidly and precisely 



LA- ENGLISH 1 




recombined copies of its specific target sequence to activate an 
otherwise silent beta-galactosidase reporter gene. Clones of marked 
cells were generated by excisional recombination within a chromosomally 
integrated copy of the silent reporter. By the reverse reaction, 
integration of transfected DNA was targeted to a specific chromosomal 
site. The results suggest that FLP could be used to mosaically activate 
or inactivate transgenes for analysis of vertebrate development, and to 
efficiently integrate transfected DNA at predetermined chromosomal 
locations. I 

GS- Animal; In Vitro; Support, Non-U. S. Gov't I 

DE- »DNA Nucleotidyltransferases^ — Metabolism^ — ME; 

VKP1ammalsV--GeneticsV-™GE; ^^Recombination, Genetic; V*Transf ection; 

beta-Galactosidase<*~~ Genetics<P-~GE; ^Animals, Transgenic; »Cell Line; 

VDNA Nucleotidyltransferases^ — Genetics^ — GE; ^Restriction Mapping I 
ID- EC 2.7.7.- (DNA Nucleotidyltransferases); EC 2.7.7.- (FLP 

recombinase); EC 3.2.1.23 ( beta-Galactosidase) I 
ID- FLP I 

3/4/2 (Item 1 from file: 434) 

FN- SCISEARCH_1974 ~ 9206U3 
AN- 113386621 
GA- HB304I 

TI- EXCHANGE OF GENE ACTIVITY IN TRANSGENIC PLANTS CATALYZED BY THE CRE-LOX 

SITE-SPECIFIC RECOMBINATION SYSTEM! 
LA- ENGLISH I 

AU- BAYLEY CC; MORGAN M; DALE EC; Old DU I 

CS- USDA ARS, CTR PLANT GENE EXPRESS, 800 BUCHANAN ST/ ALBANY//C A/94710 ; USDA 
ARS, CTR PLANT GENE EXPRESS, 800 BUCHANAN ST/ALBANY//CA/94710 ; UNIV CALIF 
BERKELEY, DEPT PLANT PATHOL/BERKELEY//CA/94720 I 

GL- USA I 

JN- PLANT MOLECULAR BIOLOGY, 1992, V18, N2, P353-361 I 
PY- 19921 
DT- ARTICLE I 
NR- 211 

SF- SciSearch; CC LIFE— Current Contents, Life Sciences; CC AGRI— Current 

Contents, Agriculture, Biology & Environmental Sciences! 
SC- BOTANY; BIOCHEMISTRY & MOLECULAR BIOLOGY I 

AB- The Cre-lox site-specific recombination system of bacteriophage PI was 
used to excise a firefly luciferase due) gene which had previously 
been incorporated into the tobacco genome. The excision event was due 
to site-specific DNA recombination between two lox sequences flanking 
the luc gene and was catalyzed by the Cre recombinase introduced by 
cross-fertilization. Recombination resulted in the fusion of a promoter 
with a distally located hygromycin phosphotransferase (hpt) coding 
sequence and the excision event was monitored as a phenotypic change 
from expression of luc to expression of hpt- The efficiency of 
recombination was estimated from the exchange of gene activity and 
confirmed by molecular analysis- The relevance to potential 
applications of site-specific deletion-fusion events for chromosome 
engineering are discussed- I 

DE- Author Keywords: GENETIC ENGINEERING; PHAGE PI; RECOMBINASE; 
LUCIFERASE; SELECTABLE MARKERS I 

ID- Keywords Plus: FIREFLY LUCIFERASE GENE; FLP RECOMBINASE; 

MAMMALIAN-CELLS; 2-MU CIRCLE; DNA; YEAST; BACTERI0PHAGE-P1 ; 



GENOME; EXPRESSION; SEQUENCES I <= 
RF- 90-0047 002 (TRANSGENIC PLANTS; TRANSIENT EXPRESSION OF THE 6US GENE; 
INDICA RICE PROTOPLASTS; MICROPRO JECTILE BOMBARDMENT; AGROBACTERIUM 
MEDIATED TRANSFORMATION) 

90-1257 001 (BACILLUS-THURINGIENSKi STRAINS; TRANSGENIC TOBACCO 
PLANTS ; DRY BEANS (PHASEOLUS-VULGARIS L) :; EXPRESSION OF INSECTICIDAL 
ACTIVITY; INSECT MIDGUT) 

90-2362 001 (STA58 MAJOR ANTIGEN GENE; RHODOCOCCUS-FASCIANS 
CLONING VECTORS; ESCHERICHIA-COLI CHROMOSOME; PRECISE IDENTIFICATION) 

90-4791 001 (FIREFLY LUCIFERASE EXPRESSION IN TRANSGENIC PLANTS; 
PROTEIN OF MAIZE TRANSPOSABLE ELEMENT AC; CAULIFLOWER MOSAIC-VIRUS; 
REPORTER GENES) 

90-7783 001 (POLYMERASE CHAIN-REAC": ION; DNA AMPLIFICATION; 
POLYMORPHIC NUCLEOTIDE SUBSTITUTIONS IN ; ETA -GLOB IN GENES) 
CI: • ANDREWS BJ, 1985, V4B, P795, CELL 

BEVAN M, 1984, VIS, P3711, NUCLEIC ACIDS RES 

BROACH JR, 1980, V21, P501, CELL 
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ODELL J, 1990, V223, P369, MOL GEN GENET 

OGORMAN S, 1991, V251, P1351, SCIENCE 
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3/4/3 (Item 1 from file: 286) 

FN- DIALOG File 286: 286 
Ah'- 00509841 
Ji'V- 08APR91I 
DT- 21 

JN- Nature, 15 MAR 1991, Vol (No) 251(4999), !'a ge < 5 ) 1351-13551 

A!?- Salk. Institute scientists have shown tha : the site specific recombinase 
enzyme, FLP, from Saccharomyees cere isiae can be used for gene 
activation in mammalian cells and hav : suggested it may be useful to 
mosaically inactivate or activate ransgenes or to efficiently 
integrate transfected DNA at predetermin d chromosomal locations. I 

C~~ Salk Institute for Biological Studies, T^e, USA (1921)1 

? : j g o f f 



~> d his 



(FILE 'USPAT ENTERED AT 09:57:49 ON 12 JUL 94) 
SET PAGELENGTIl SCROLL 
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=>d 1-5 

1. 5,268,296, Dec. 7, 1993, DNA vector and recombinant host cell for 
production of hirullin P6 and PI 8; Reinhard Maschler, et al., 435/252.3, 
69.1, 172.3,320.1,942; 536/23.5 | IMAGE AVAILABLE] 

2. 5,268,285, Dec. 7, 1993, Strains of yeast with increased rates of 
glycolysis; David T. Rogers., et al., 435/172.3, 161 , 194, 254.2 1 , 320. 1 
|IMAGE AVAILABLE! 

3. 5,227,288 Jul. 13, 1993, DNA sequencing vector with reversible insert; 
Frederick R. Blattner, 435/6, 252.3, 252.33, 320. 1; 935/29, 72, 73 (IMAGE 
AVAILABLE] 

4. 5,1 14,922, May 19, 1992, Polypeptides with an anticoagulant activity; 
Reinhard Maschlcr, et al., 514/12; 530/324 [IMAGE AVAILABLE] 

5. 4,997,757, Mar. 5, 199 1 , Process for detecting potential carcinogens; 
Robert H. Schicstl, 435/172. 1 , 6, 29, 172.3; 935/76, 78, 79, 84 [IMAGE 
AVAILABLE] 
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(FILL 'USRAT liNTKRED AT 09:57:49 ON 12 JUL 94) 
L2 1 S MAMMAI,?( 10()A)(1 ; RT OR LLP OR RECOMBINASE?) 

d kwic 

US FAT NO: 5,1 59,066 [IMAGE AVAILABLE] L2: 1 of 1 

ABSTRACT: 

Recombination activating gene of mammalian origin (RAG-1 ), el )NA of RAO- 1 of 
mammalian origin, inRNA expressed by RAG- 1, the encoded recombinasc and 
antibodies specific lor the recombinasc, as well as the use of the same for 
a diagnostic or therapeutic purpose. 

DF/fDESC: 

DliTD(2) 

The present invention relates to a gene of mammalian origin, referred to 
as recombination activating gene or RAG-1 , which confers the ability to carry 
out V(D)J recombination on cells in which it is expressed. The RAG-1 gene 
product is thus a direct or indirect activator of V(D)J recombinase 
activity. The invention also relets to RAG-1 mRNA and to the RAG-1 encoded 
product. RAG-1 has been shown in pre-B. . . as in all transfectants into 
which it has been introduced. This pattern of expression is that expected for 
the V(D)J recombinase and, therefore, RAG-1 appears to be a master 
controller of the development of the effector cells of the immune system.. . 

CLAIMS: 
CLMS(3) 



3. Isolated DNA of mammalian origin encoding recombinase. 
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2/7/1 (Item 1 from file: 434) 



12729441 Genuine Articled: MK280 Number of References: 51 
Title: SITE-SPECIFIC RECOMBINASES - TOOLS FOR GENOME ENGINEERING 
Author(s): KILBY NJ; SNAITH MR; MURRAY JAH 

Corporate Source: UNIV CAMBRIDGE, INST BIOTECHNOL,TENNIS COURT 
RD/CAMBRIDGE 

CB2 1 QT//ENGLAND/ 
Journal: TRENDS IN GENETICS, 1993, V9, N12 (DEC), P413-421 
ISSN: 0168-9525 

Language: ENGLISH Document Type: REVIEW 

Abstract: Site-specific recombinases, from bacteriophage and yeasts have 

been developed as novel tools for manipulating DNA both in the 

test-tube and in living organisms. We discuss the characteristics of 

these enzyme systems, review their application in genetic and 

developmental studies and speculate on their future potential for 

large-scale directed modifications of eukaryotic genomes. 

2/7/2 (Item 2 from file: 434) 

12101712 Genuine Articled: KM161 Number of References: 24 

Tide: LIGATION OF SYNTHETIC ACTIVATED DNA SUBSTRATES BY SITE-SPECIFIC 

RECOMBINASES AND TOPOISOMERASE-I 
Author(s): PAN GH; LUETKE K; JUBY CD; BROUSSEAU R; SADOWSKI P 
Corporate Source: UNIV TORONTO,DEPT MOLEC & MED GENET/TORONTO 

M5S 1 A8/ONTARIO/CAN ADA/; UNIV TORONTO, DEPT MOLEC & MED 
GENET/TORONTO 

M5S1A8/ONTARIO/CANADA/; NATL RES COUNCIL CANADA, BIOTECHNOL RES 
INST,GENET ENGN SECT/MONTREAL H4P 2R2/QUEBEC/CANADA/ 

Journal: JOURNAL OF BIOLOGICAL CHEMISTRY, 1993, V268, N5 (FEB 15), P 
3683-3689 

ISSN: 0021-9258 

Language: ENGLISH Document Type: ARTICLE 

Abstract: The FLP protein of the 2-mum plasmid of Saccharomyces cerevisiae 
is a conservative site-specific recombinase that is involved in the 
amplification of the plasmid. This recombination reaction proceeds via 
the covalent attachment of the protein to the 3'-phosphoryl group at 
the site of the breaks through a phosphotyrosine linkage. We have 
recently developed an assay that measures FLP-mediated strand ligation 
independent of FLP-mediated cleavage and covalent attachment to the 
DNA. The substrate for ligation was produced by FLP-induced cleavage of 
the FLP recognition site followed by digestion with Pronase and was 
shown to contain (at least) a tyrosine residue at the 3'-P04 terminus 
adjacent to the FLP cleavage sites. 

We have now synthesized artificial substrates that bear a tyrosine 
residue on the 3'-P04 of an appropriate oligonucleotide and find that 
this substrate is ligated as efficiently as the previous ligation 
substrates that were isolated after FLP cleavage of the substrate. 
Analogous substrates for other members of the integrase family of 
recombinases (lambda integrase protein, Pl-Cre protein) as well as for 
mammalian topoisomerase I are also active as ligation substrates with 
their cognate protein. This class of activated substrates should be 



useful in the study of breakage and reunion reactions involving DNA. 



2/7/3 (Item 3 from file: 434) 

1 1338662 Genuine Articled: HB304 Number of References: 21 

Title: EXCHANGE OF GENE ACTIVITY IN TRANSGENIC PLANTS CATALYZED BY 
THE 

CRE-LOX SITE-SPECIFIC RECOMBINATION SYSTEM 
Author(s): BAYLEY CC; MORGAN M; DALE EC; OW DW 
Corporate Source: USDA ARS,CTR PLANT GENE EXPRESS, 800 BUCHANAN 

ST/ALBANY//CA/94710; USDA ARS,CTR PLANT GENE EXPRESS,800 BUCHANAN 
ST/ ALB AN Y//C A/947 10; UNIV CALIF BERKELEY, DEPT PLANT 
PATHOL/BERKELEY//CA/94720 
Journal: PLANT MOLECULAR BIOLOGY, 1992, V18, N2 (JAN), P353-361 
Language: ENGLISH Document Type: ARTICLE 
Abstract: The Cre-lox site-specific recombination system of bacteriophage 
PI was used to excise a firefly luciferase (luc) gene which had 
previously been incorporated into the tobacco genome. The excision 
event was due to site-specific DNA recombination between two lox 
sequences flanking the luc gene and was catalyzed by the Cre 
recombinase introduced by cross-fertilization. Recombination resulted 
in the fusion of a promoter with a distally located hygromycin 
phosphotransferase (hpt) coding sequence and the excision event was 
monitored as a phenotypic change from expression of luc to expression 
of hpt. The efficiency of recombination was estimated from the exchange 
of gene activity and confirmed by molecular analysis. The relevance to 
potential applications of site-specific deletion-fusion events for 
chromosome engineering are discussed. 

2/7/4 (Item 4 from file: 434) 

10707719 Genuine Article*: FB733 Number of References: 25 

Title: RECOMBINASE-MEDIATED GENE ACTIVATION AND SITE-SPECIFIC 

INTEGRATION 

IN MAMMALIAN-CELLS 
Author(s): OGORMAN S; FOX DT; WAHL GM 

Corporate Source: SALK INST BIOL STUDIES,GENE EXPRESS LAB/LA 
JOLLA//CA/92037 

Journal: SCIENCE, 1991, V251, N4999, P1351-I355 

Language: ENGLISH Document Type: ARTICLE 

Abstract: A binary system for gene activation and site-specific 
integration, based on the conditional recombination of transfected 
sequences mediated by the FLP recombinase from yeast, was implemented 
in mammalian cells. In several cell lines, FLP rapidly and precisely 
recombined copies of its specific target sequence to activate an 
otherwise silent beta-galactosidase reporter gene. Clones of marked 
cells were generated by excisional recombination within a chromosomally 
integrated copy of the silent reporter. By the reverse reaction, 
integration of transfected DNA was targeted to a specific chromosomal 
site. The results suggest that FLP could be used to mosaically 
activate or inactivate transgenes for analysis of vertebrate 
development, and to efficiently integrate transfected DNA at 
predetermined chromosomal locations. 

2/7/5 (Item 5 from file: 434) 

10161463 Genuine Articled: DE904 Number of References: 75 



Tide: A SITE-SPECIFIC SELF-CLEAVAGE REACTION PERFORMED BY A NOVEL 
RNA IN 

NEUROSPORA MITOCHONDRIA 
Author(s): SAVILLE BJ; COLLINS RA 

Corporate Source: UNIV TORONTO, DEPT BOT/TORONTO M5S 
3B2/ONT ARIO/C AN AD A/ ; 

UNIV TORONTO, CTR PLANT BIOTECHNOL/TORONTO M5S 
3B2/ONTARIO/CANADA/ 
Journal: CELL, 1990, V61, N4, P685-696 
Language: ENGLISH Document Type: ARTICLE 

2/7/6 (Item 1 from file: 357) 
142790 DBA Accession No.: 93-00842 

Gene transfer - gene transmission by retro virus vector, yeast artificial 
chromosome, mouse zygote homologous recombination, Cre-recombinase 
method and Flp system (conference abstract) 

AUTHOR: Wagner E F 

CORPORATE SOURCE: Research Institute of Molecular Pathology (IMP), Dr 

Bohr-Gasse 7, A- 1030, Vienna, Austria. 
JOURNAL: Science (258, Suppl., 31-32) 1992 CODEN: SCIEAS 
LANGUAGE: English 

ABSTRACT: Applications and limitations of gene transfer techniques were 
discussed. The high efficiency of retro virus infection allows the 
introduction of genes into cells, e.g. hematopoietic cells. These viral 
systems provide a method for the generation of animal models for human 
blood diseases and for possible gene therapy applications. However, the 
use of yeast artificial chromosomes introduced into cells via DNA-lipid 
micelles, or the generation of large transgenes through homologous 
recombination in mouse zygotes, provide a much superior gene transfer 
system to viral vector systems. Gene transfer techniques are also being 
used to inactivate a given gene locus by gene targeting. Two new 
loss-of-f unction approaches have recently been developed: (1) using the 
Cre- recombinase; and (2) using the Flp system. These 2 new methods may 
allow tissue-specific and developmentally regulated gene inactivation 
in transgenic mice as a function of the site-specific recombinase 
action. (7 ref) 

2/7/7 (Item 2 from file: 357) 

141482 DBA Accession No.: 92-13974 PATENT 

FLP-mediated gene modification in mammalian cell - vector with 

FLP-recombinase gene and recombination site for e.g. gene targeting, 

gene therapy or transgenic animal development research 
PATENT ASSIGNEE: Salk-Inst. Biol. Stud. 1992 

PATENT NUMBER: WO 9215694 PATENT DATE: 920917 WPI ACCESSION NO.: 

92-331739 (9240) 
PRIORITY APPLIC. NO.: US 666252 APPLIC. DATE: 910308 ' 
NATIONAL APPLIC. NO.: WO 92US1899 APPLIC. DATE: 920306 
LANGUAGE: English 

ABSTRACT: A new mammalian recombination system comprises Saccharomyces 
cerevisiae FLP-recombinase (or a gene encoding it) and DNA containing 
at least 1 FLP recombination target site. The following are also new: 
DNA containing at least 1 FLP recombination site, at least 1 
restriction site, at least 1 selectable marker, a bacterial (and 
optionally a mammal or virus) replication origin; the new DNA inserted 



into the FLP recombination target site, and with a 2nd FLP target site 
in tandem with the 1st; methods for assembly of functional genes for 
activation of expression in mammal cells, disrupting gene expression in 
a mammal cells, recovery of transfected DNA from the genome of a 
transfected organism, and precisely targeted integration of DNA into 
the genome of a host, all using FLP-recombinase; a transgenic non-human 
mammal containing at least 1 FLP recombination site in its genome; a 
method for analysis of mammal development, using the above transgenic 
mammal and a vector encoding FLP under the control of a conditional 
promoter, and a reporter gene. The system may also be useful in gene 
therapy. (49pp) 

2/7/8 (Item 3 from file: 357) 
089171 DBA Accession No.: 89-07162 

Production and isolation of large quantities of monoclonal antibody using 
serum-free medium and fast protein liquid chromatography - hybridoma 
cell culture 

AUTHOR: Stocks S J; + Brooks D E 

CORPORATE SOURCE: Department of Pathology, 2211 Wesbrook Mall, Vancouver, 

V6T 1W5, Canada. 
JOURNAL: Hybridoma (8, 2, 241-47) 1989 CODEN: HYBRDY 
LANGUAGE: English 

ABSTRACT: A method for the production and purification of monoclonal 
antibody (MAb) on a large scale is described. 2 Hybridoma lines were 
used to generate monoclonal antibodies in serum-free medium; a rat-rat 
hybridoma specific for a surface antigen of a hybrid mouse cell line, 
and a mouse-mouse hybridoma line specific for rat IgG2a. The serum free 
medium (RPM 1-1640) was supplemented with 5 ug/ml cattle insulin, and 
incubation was at 37 deg. Both hybridoma lines became confluent within 
10 days at maximum cell density. Large-quantities of MAbs were produced 
in the medium, and purification was easily accomplished within a 
working day at 4 deg to retain high MAb activity. Ammonium sulfate 
precipitation, which can cause activity loss, was avoided. The serum 
free medium was purified by ultrafiltration through an Amicon XM100A 
filter and fast protein liquid chromatography on a mono Q column with 
an ionic strength and pH elution gradient. Yields obtained were between 
10-30 mg pure MAb/1. (13 ref) 

2/7/9 (Item 1 from file: 149) 

10844741 Dialog File 149: Health Periodicals Database 

*Use Format 9 for FULL TEXT* 
TITLE: Site-specific recombination between homologous chromosomes in 

Drosophila. 
AUTHOR: Golic, Kent G. 

JOURNAL: Science VOL.: v252 ISSUE: n5008 PAGINATION: p95 8(4) 
PUBLICATION DATE: May 17, 1991 

AVAILABILITY: FULL TEXT Online LINE COUNT: 00224 
SOURCE FILE: MI File 47 

2/7/10 (Item 1 from file: 399) 
118074746 CA: 118(9)74746z PATENT 

Site-specific integration and excision of transforming DNA in animal 
cells using the Flp recombinase of yeast 
INVENTOR( AUTHOR): Wahl, Geoffrey M.; O'Gorman, Stephen V. 



LOCATION: USA 

ASSIGNEE: Salk Institute for Biological Studies 
PATENT: PCT International ; WO 9215694 Al DATE: 920917 
APPLICATION: WO 92US1899 (920306) *US 666252 (910308) 
PAGES: 54 pp. CODEN: PIXXD2 LANGUAGE: English CLASS: C12N-015/85A; 
C12N-005/16B; C07H-015/12B DESIGNATED COUNTRIES: CA; JP 

DESIGNATED REGIONAL: AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; MC; NL; 
SE 

SECTION: 
CA203001 Biochemical Genetics 
IDENTIFIERS: recombination transforming DNA flp recombinase 
DESCRIPTORS: 
Development, mammalian ... 

anal, of, developmental regulation of reporter genes in, recombination 
of transforming DNA using flp recombinase in relation to 
Genetic element, promoter. . . 

developmentally regulated, expression of reporter genes from, 
recombination of transforming DNA using flp recombinase in relation to 
Animal cell line,CV-l... Animal cell line,F9... Animal cell line,293... 
expression in, of gene for flp recombinase, site- specific recombination 
of transforming DNA in relation to 
Enzymes, DNA-recombining. . . 

flp, gene for, expression in animal cells of, for site-specific 
integration or excision of transforming DNA 
Saccharomyces cerevisiae... Saccharomyces... 

flp recombinase of, gene for, expression in animal cells of, for 
site-specific integration or excision of transforming DNA 
Gene, microbial... 

for flp recombinase, expression in animal cell culture of, for 
site-specific integration or excision of transforming DNA 
Genetic element. . . 

fit (flp recombinase target site), site-specific recombination of 
transforming DNA in animal cells via, expression of flp recombinase 
gene in relation to 
Animal cell... 

mammalian, site-specific recombination of transforming DNA in, flp 

recombinase and fit sites in 
Deoxyribonucleic acid sequences... 

of flp recombinase gene of Saccharomyces cerevisiae 
Protein sequences... 

of flp recombinase of Saccharomyces cerevisiae 
Recombination, genetic, site-specific... Recombination,genetic, 
site-specific excisive. . . 

of transforming DNA in animal cell culture, flp recombinase and fit 

sites in 
Mammal... 

transgenic, site-specific recombination of transforming DNA in, flp 

recombinase and fit sites in 
CAS REGISTRY NUMBERS: 
145752-47-2 amino acid sequence of, complete, and expression in animal 

cell culture of gene for 
145752-45-0 nucleotide sequence of 

145752-46-1 nucleotide sequence of, complete, and expression in animal 
cell culture of 



145752-44-9 nucleotide sequence of, in transforming DNA for site-specific 
recombination of transforming DNA 

Copyright 1994 by the American Chemical Society 

2/7/11 (Item 1 from file: 265) 

0103231 DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO.: 1R01HD30255-01 AGENCY CODE: CRISP 
FATE MAPS OF EMBRYONIC GENE EXPRESSION IN MICE 
PRINCIPAL INVESTIGATOR: O'GORMAN, STEPHEN V 
ADDRESS: SALK INSTITUTE PO BOX 85800 SAN DIEGO, CA 92186-5800 
PERFORMING ORG.: SALK INSTITUTE FOR BIOLOGICAL STUDIES, SAN 

DIEGO, 

CALIFORNIA 

SPONSORING ORG.: NATIONAL INSTITUTE OF CHILD HEALTH AND HUMAN 
DEVELOPMENT 

FY : 93 FUNDS: $260,269 TYPE OF AWARD: New Award (Type 1) 
SUMMARY: The long term objective of the research initiated by this 
proposal is to investigate the genetic regulation of mammalian development. 
The principal experimental objective is to compile fate maps of the mature 
fates of cells that descend from progenitors that transiently express 
specific candidate mammalian developmental control genes during embryonic 
and fetal stages in transgenic mice. This will be done both in normal mice, 
and in mice that fail to express the normal products of genes of interest. 
A novel molecular paradigm for fate mapping will be employed that is based 
on the precise recombination of transgenes by the yeast recombinase FLP. By 
this means, the transient activity of a gene can be used to indelibly mark 
not only the cells in which the gene is expressed, but all of its 
descendants, even if the latter do not express the gene. 

The specific aims of this proposal are to define the descendant domains 
(lineages) established by progenitors that transiently express Hox 2.9, 
Krox 20, or Hox 2.6 in the hindbrain and adjacent branchial arch tissues in 
both normal animals and in, animals that fail to express the normal 
products of these genes. Both the descendant expression domains and the 
descendant functional domains of these genes will be mapped and 
distinguished from one another. The first product of the research program 
will be a fate map of the mouse that correlates early patterns of gene 
expression with the organization of cells and tissues in the mature, normal 
animal. The second product will be a knowledge of whether, and if so how, 
these fates are altered when the gene of interest is not expressed. They 
will additionally address the question of compartmentation in the mammalian 
hindbrain and branchial arches. The maps of normal and mutant cell fates 
will enormously increase our understanding of the roles played by 
individual genes in the intricate genetic program that regulates mammalian 
development, and additionally provide a wealth of new information about 
cell proliferation, cell mixing, and cell migration in the mammalian 
embryo. In this manner, the research program will contribute to an improved 
understanding of normal mammalian development and to the kinds of 
developmental deficits that arise from alterations in specific gene 
products. 

2/7/12 (Item 1 from file: 286) 

0050984 Journal Announcement: 08APR91 Doc Type: 2 
Nature, 15 MAR 1991, Vol(No) 251(4999), Page(s) 1351-1355 



PRIORITY DATE (DEMAND FOR INTERNATIONAL APPL. 
FILED PRIOR TO EXPIRATION OF 19TH MONTH FROM 
PRIORITY DATE) 
No of Legal Status: 006 

2/7/15 (Item 1 from file: 351) 
009204307 WPI Acc No: 92-331739/40 
XRAM Acc No: C92-147538 

FLP-mediated gene modification in mammalian cells - giving precise 

modification by recombination and can be used to alter transgenes for 

therapeutic purposes and analysis of development 
Patent Assignee: (SALK ) SALK INST BIOLOGICAL STUDIES 
Author (Inventor): OGORMAN S V; WAHL G M 
Number of Patents: 001 
Number of Countries: 016 
Patent Family: 

CC Number Kind Date Week 

WO 9215694 Al 920917 9240 (Basic) 

Priority Data (CC No Date): US 666252 (910308) 
Applications (CC,No,Date): WO 92US1899 (920306) 
Language: English 

EP and/or WO Cited Patents: lOJnl.Ref; US 4959317; US 4997757 
Designated States 
(National): CA; JP 

(Regional): AT; BE; CH; DE; DK; ES; FR; GB; GR; IT; LU; MC; NL; SE 

Abstract (Basic): WO 9215694 A 

Mammalian recombination system (I) comprises:- (a) FLP recombinase 
or a nucleotide sequence encoding it, and (b) a first DNA comprising a 
nucleotide sequence contg. up to 1 FLP recombination target site. 

Also new are:- (1) a DNA construct comprising as an 
autonomous fragment, up to 1 FLP recombination target site, up to 1 
restriction endonuclease recognition site, up to 1 marker gene, a 
bacterial origin of replication and opt. a mammalian cellular or viral 
origin of replication; (2) a DNA construct like that of (1) where the 
components are contained as an insert in the FLP recombination target 
site and a 2nd FLP target site is in tandem with the first; (3) 
assembling of functional gene(s) which is (are) suitable for activation 
of expression is mammalian cells. The gene segments, derived from up to 
1 gene, are individually inactive but contain up to 1 recombination 
site and are assembled into a functional DNA by contacting with FLP 
recombinase; (4) disrupting functional gene expression in mammalian 
cells. Gene of interest contains up to 1 FLP recombination site and is 
contacted with FLP recombinase and a DNA segment also contg. up to 1 
FLP site; (5) the recovery of transfected DNA from the genome of a 
transfected organism. The DNA contains a fragment with 2 tandeihly 
oriented FLP recombination sites and is contacted with FLP; (6) 
precisely targeted integration of DNA into the genome of a host 
organism. An FLP recombination site is introduced into the genome of 
compatible cells, DNA contg. a recombination site is integrated using 
FLP recombinase and transformed cells are then introduced into the 
subject; (7) a mammalian cell contg. up to 1 FLP recombination site in 
its geromic DNA; (8) a transgenic, non-human mammal contg. up to 1 FLP 
recombination site in its genome. (9) analysis of the development of a 



Salk Institute scientists have shown that the site specific recombinase 
enzyme, FLP, from Saccharomyces cerevisiae can be used for gene activation 
in mammalian cells and have suggested it may be useful to mosaically 
inactivate or activate transgenes or to efficiently integrate transfected 
DNA at predetermined chromosomal locations. 

2/7/13 (Item 1 from file: 315) 

328071 CEABA Accession No.: 24-12-020674 DOCUMENT TYPE: Patent 
Title: FLP-mediated gene modification in mammalian cells, and compositions 

and cells useful therefor. 
AUTHOR: Wahl, G. M.; O'Gorman, S. V. 

CORPORATE SOURCE. Salk Inst. Biol. StudiesLa Jolla, CA 92037USA 

CODEN: PIXXD2 

PATENT NUMBER: WO 9215694 

PUBLICATION DATE: 17 Sep 1992 (920917) LANGUAGE: English 
PRIORITY PATENT APPLICATION(S) & DATE(S): US 666252 (910308) 
ABSTRACT: A gene activation/inactivation and site specific integration 
system which was developed for mammalian cells is disclosed. The system 
is based on the recombination of transfected sequences by FLP, a 
recombinase derived from Saccharomyces. FLP was shown to rapidly and 
precisely recombine copies of its specific target sequence in several 
cell lines e.g. a chromosomally integrated, silent .beta.-galactosidase 
reporter gene was activated for expression by FLP-mediated removal of 
intervening sequences to generate clones of marked cells whilst, the 
reverse reaction, is used to target transfected DNA to specific 
chromosomal sites. FLP can therefore mosaically activate or inactivate 
transgenes for a variety of therapeutic purposes, as well as for 
analysis of vertebrate development. 

2/7/14 (Item 1 from file: 345) 
11153531 

Legal Status (No,Type,Date,Code,Text) 
WO 9215694 P 910308 WO A A PRIORITY (PATENT) 

US 666252 A. 910308 
WO 9215694 P 920306 WO AE APPLICATION DATA (APPL. DATA) 

W0 92US1899A 920306 
WO 9215694 P 920917 WO AK DESIGNATED STATES CITED IN A PUBLISHED 

APPLICATION WITH SEARCH REPORT (DESIGNATED 

STATES CITED IN A PUBLISHED APPL. WITH SEARCH 

REPORT) 

CA JP 

WO 9215694 P 920917 WO AL DESIGNATED COUNTRIES FOR REGIONAL 
PATENTS CITED IN A PUBLISHED APPLICATION WITH 
SEARCH REPORT (DESIGNATED COUNTRIES FOR 
REGIONAL PATENTS CITED IN A PUBLISHED APPL. 
WITH SEARCH REPORT) 

AT BE CH DE DK ES FR GB GR IT LU MC NL SE 
WO 9215694 P 920917 WO A 1 PUBLICATION OF THE INTERNATIONAL 

APPLICATION WITH THE INTERNATIONAL SEARCH 

REPORT (PUB. OF THE INTERNATIONAL APPL. WITH 

THE INTERNATIONAL SEARCH REPORT) 
WO 9215694 P 921223 WO DFPE DEMAND FOR INTERNATIONAL APPLICA- 
TION 

FILED PRIOR TO EXPIRATION OF 19TH MONTH FROM 



mammal comprising:- (a) providing a transgenic mammal comprising:- (i) 
an expression construct encoding FLP under the control of a condition 
promoter; and; (ii) a reporter construct under the control of the same 
or a different promoter. The reporter construct encodes a functional or 
non-functional gene contg. a recombination site such that functional 
expression is disrupted or functional expression commences on FLP 
recombination; and (b) following the developement of the mammal to 
determine when expression of functional reporter gene product either 
commences or is disrupted; and (10) as co-transfection assay for the 
occurrence of FLP-mediated recombination in which the expression 
construct and reporter construct outlined above are contained within 
plasmids in a mammalian cell. 

USE/ADVANTAGE - (I) allows selective modification of 
chromosomal or extrachromosomal DNA in mammalian cells. Inheritance of 
genetic sequences and the fate of genetic sequences during development 
can be studied in a wide variety of tissues in different organisms. 
Simple histochemical assays can be used for analysis Dwg.0/3B 
Derwent Class: B04; C06; D16; 

Int Pat Class: C07H-015/12; C12N-005/16; C12N-015/85 
2/7/16 (Item 1 from file: 624) 

0432248 DIALOG File 624: McGraw-Hill Publications Online 
FLP-mediated gene modification in mammalian cells, and compositions and 

cells useful therefor 
Biotechnology Newswatch November 16, 1992; Pg 9; Vol. 12, No. 22 
Journal Code: BIO ISSN: 0275-3687 

Section Heading: Biotechnology PatentWatch 
Word Count: 143 

TEXT: 

WO 92/15694 

Published: Sept. 17, 1992 

Filed: March 6, 1992 Priority: March 8, 1991 

The Salk Institute For Biological Studies, La Jolla, Ca 

A gene activation/inactivation and site- specific integration system has 
been developed for mammalian cells. The invention system is based on the 
recombination of transfected sequences by FLP, a recombinase derived from ... 
Saccharomyces. In several cell lines, FLP has been shown to rapidly and 
precisely recombine copies of its specific target sequence. For example, a 
chromosomally integrated, silent b- galactosidase reporter gene was 
activated for expression by FLP-mediated removal of intervening sequences 
to generate clones of marked cells. Alternatively, the reverse reaction can 
be used to target transfected DNA to specific chromosomal sites. These 
results demonstrate that FLP can be used, for example, to mosaically 
activate or inactivate transgenes for a variety of therapeutic purposes/ as 
well as for analysis of vertebrate development. 



? 



Copyright 1992 McGraw-Hill, Inc. 
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recombinase-mediated site-specific recombination 
XIAO-HONG GIAN; INMAN R B; COX II 11 

Univ. Wisconsin, coll. agricultural life sci., dep. biochemistry, Madison 
WI 53706, USA 

Journal: Journal of biological chemistry (The), 1990, 265 (35) 
21779-21788 

Language: English 

2/3/104 (Item 3 from file: 144) 

09730857 PASCAL No. : 91-0527991 

Site-specific recombination between homologous chromosomes in Drosophila 
GOLIC K G 

Univ. Chicago, Howard Hughes medical inst. , dep; molcular genetics cell 
biology, Chicago IL 60637, USA 

Journal: Science : (Washington, DC), 1991, 252 (5008) 958-961 
Language: English 

2/3/105 (Item 4 from file: 144) 

09563896 PASCAL No.: 91-0354326 

Tyr60 variants of Flp recombinase generate conformational^ altered 
protein-DNA complexes : differential activity in full-site and half-site 
recombinations 

JING-WEN CHEN; EVANS B R; LEI ZHENG; JAYARAM M 
Univ. Texas at Austin, dep. microbiology, Austin TX 78712, USA 
Journal: Journal of molecular biology, 1991, 218 (1) 107-118 
Language: English 

2/3/106 (Item 5 from file: 144) 

07823248 PASCAL No.: 87-0302971 

Interaction of the? FLP recombinase of the s>accharomyces cerevisiae 2 mu m 



plasmid with mutated target sequences 

NDREWS B J; MCLEOD M; BROACH J; SADOWSKI P D 

Univ. Toronto, dep. medical genetics, Toronto OH M5S 1A8, Canada 
Journal: Molecular and cellular biology, 1986, 8 (7) 2482-2489 
Language: ENGLISH 

2/3/107 (Item 1 from file: 77) 

89015048 V17N02 

FLP recombinase induction of the breakage-fusion-bridge cycle (BFBC) and 
gene conversion in Saccharomyces cerevisiae 

Rank, G.H.; Xiao, U. ; Kolenovsky, A.; Arndt, G. 

Univ. Saskatchewan, Saskatoon, Sask., Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome Poster Paper 

2/3/108 (Item 2 from file: 77) 

89014585 V17N02 

Structure-function relationship of the sequence specific DNA binding 
function of the FLP recombinase 

ftmin, ft. A. ; Sadowski, P.D. 

Univ. Toronto, Toronto, Ont., Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome Poster Paper 

2/3/109 (Item 3 from file: 77) 

89014584 V17N02 

FLP recombinase of 2 mu circle of S. cerevisiae bends its DNA target: An 
in vitro analysis 

Schwartz, C.J.E.; Sadowski, P.D. 

Univ. Toronto, Toronto, Ont., Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 
Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome Poster Paper 

2/3/110 (Item 4 from file: 77) 

89013277 V17N02 

Mutational analysis of the FLP site-specific recombinase of the yeast 2 
micron plasmid 
Sadowski, P. 

Univ. Toronto, Toronto, Ont. , Canada 
XVIth International Congress of Genetics 8830579 Toronto (Canada) 
20-27 Aug 1988 

Genetics Society of Canada; National Research Council Canada; Royal 



Society of Canada; Biological Council of Canada 

The Proceedings of the Congress will be Published in a Special Volume of 
Journal Genome 

2/3/111 < I tern 5 from file: 77) 

89012894 V17N02 

Step-arrest mutants of FLP recombinase: Implications for the mechanism of 
recombination 

Evans, B.R. ; Parsons, R. ; Grain, K. ; Jayararn, M. 

Mol. Biol. Dep., Res. Inst. Scripps Clin, and Res. Found., La Jolla, CA, 
USA 

14th International Conference on Yeast Genetics and Molecular Biology 
8830578 Espoo (Finland) 7-13 Aug 1988 
European Association for Cancer Research 

Subscription Department C, John Uiley & Sons Inc., 605 Third Avenue, New 
York, NY 10158 (USA), Abstracts will be Published in Special Issue of 
Journal 'Yeast' Volume 4. ISSN 0749-503X 

2/3/U2 (Item 1 from file: 265) 

0129563\DIALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO. : 5R01HGB0250-04 AGENCY CODE: CRISP 
Directed rearrangement of the mammalian genome in vivo 
PRINCIPAL INVESTIGATOR: YOUDERIAN, PHILIP A 

ADDRESS: CALIFS. INST OF BIOLOG RESEARCH 11099 NORTH TORREY PINES ROAD LA 
JOLLA, CA 92037 X. 

PERFORMING ORG. : CALIFORNIA INSTITUTE OF BIOLOGICAL RES, SAN DIEGO, 
CALIFORNIA \ 

SPONSORING ORG. : NATIONAL CENTER FOR HUMAN GENOME RESEARCH 

FY : 92 FUNDS: $182,972 

2/3/113 (>^em 2 from file: 265) 
0127425 DIALOG FStLE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO. : 3B01GM35654-07 AGENCY CODE: CRISP 
Site specific recombination in the yeast plasmid 2 micron circle 
PRINCIPAL INVESTI GATOR :N[AYARAM, MAKKUNI 

ADDRESS: UNIVERSITY OF TEXftS DEPT OF MICROBIOLOGY AUSTIN, TX 78712 
PERFORMING ORG. : UNIVERSITY OFxJEXAS AUSTIN, AUSTIN, TEXAS 
SPONSORING ORG. : NATIONAL INSTITUTE OF GENERAL MEDICAL SCIENCES 
FY : 92 FUNDS: $265,024 \ 

2/3/114 (Item 3 from file: 265) 

0020434 DIALOG fKe NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING NO.: 91*35934; 9105934 AGENCY CODE: NSF 
Genetic Analysis of Pattern Formation During Drosophila Neurogenesis 
PRINCIPAL INVESTIGATORY^eilis, Hilary M Dr. 

PERFORMING ORG. : Emory UvuV^rsity, Biology, Atlanta, GA 30322 
PROJECT MONITOR: Program Manager 

SPONSORING ORG. : National Science Foundation, DIV OF INTEGRATIVE BIOLOGY 
& NEUROSCIENC, Washington, D.C., 23550 

DATES: 910715 TO 920630 FY : 9l\ FUNDS: $69,613 

2/3/115 (Item 4 from file: 265) 

0019890 ~^ALOG FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYlfrtKNO. : 9103946; 9103946 AGENCY CODE: NSF 



Generation of Mosaicrsjnin Mice by a Site-Specific Recombinase (FLP) 
PRINCIPAL INVESTIGAT0R:^&^3orman, Stephen Dr. 

PERFORMING ORG. : Salk Ins^^ute for Biological Studies, Gene Expression 
Laboratory, San Diego, CA 92128\. 
PROJECT MONITOR: Thomas E. Brady \ 

SPONSORING ORG. : National Science Vqundation, DIV OF INTEGRATIVE BIOLOGY 
& NEUROSCIENC, Washington, D.C., 20550 " 

DATES: 910315 TO 920831 FY : 91 FUNDS: $49,522 

2/3/116 (Item 5 from file: 265) 

0016781 DIALOG\FILE NO. 265/266 FEDERAL RESEARCH IN PROGRESS 
IDENTIFYING N0\: 9019220; 9019220 AGENCY CODE: NSF 
Genetic AnalysisVin Arabidopsis 
PRINCIPAL INVESTIGATOR: Signer, Ethan R Dr. 

PERFORMING ORG. :\ Massachusetts Institute of Technology, Biology, 
Cambridge, MA 02139 \. 

PROJECT MONITOR: DeLilI\NA5ser 

SPONSORING ORG. : NationaI\| cience Foundation, DIV OF MOLECULAR & CELLULAR 
BIOSCIENCES, Washington, D.c\ 20550 

DATES: 910201 TO 930731 FYN 91 FUNDS: *200,000 

2/3/117 (Item 1 from file: 35) 
01212062 ORDER NO: AADNN-59965 

THE ROLE OF DNA BENDING IN FLP-MEDIATED SITE-SPECIFIC RECOMBINATION 
Author: SCHWARTZ, CAROL JUDITH ELAINE 
Degree: PH.D. 
Year: 1990 

Corporate Source/Institution: UNIVERSITY OF TORONTO (CANADA) (0779) 
Source: VOLUME 52/1 1-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 

PAGE 5647. 209 PAGES 
ISBN: 0-315-59965-0 

2/3/llfi (Item 2 from file: 35) 

01142876 ORDER NO: AAD90-30816 

UNUSUAL DNA STRUCTURE IN SITE-SPECIFIC AND HOMOLOGOUS RECOMBINATION 
(RECOMBINATION) 

Author: UMLAUF, SCOTT W. 

Degree: PH.D. 

Yeart 1990 

Corporate Source/Institution: THE UNIVERSITY OF WISCONSIN - MADISON ( 
0262) 

Source: VOLUME 51/09-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 
PAGE 4199. 219 PAGES 

2/3/119 (Item 3 from file: 35) 

1061565 ORDER NO: AAD89-12817 

ANALYSIS OF THE MAJOR DNASE I HYPERSENSITIVE SITE ON THE YEAST TWO-MICRON 
DNA PLASM ID 

Author: STRAND, ANDREW DAVID 

Degree:. PH.D. 

Year: 1989 

Corporate Source/Institution: UNIVERSITY OF MINNESOTA (8130) ■ 
Source: VOLUME 50/02-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 
PAGE 446. Ill PAGES 



2/3/120 (Item 4 from file: 35) 

949308 ORDER NO: AAD87-06690 

A GENETIC ANALYSIS OF FACTORS INVOLVED IN THE MAINTENANCE OF THE 2 MICRON 
PLASMID OF SACCHAROMYCES CEREVISIAE (CHROMATIN) 

Author: VEIT, BRUCE EDWARD 

Degree: PH.D. 

Year: 1986 

Corporate Source/Institution: UNIVERSITY OF WASHINGTON (0250) 
Source: VOLUME 47/12-B OF DISSERTATION ABSTRACTS INTERNATIONAL. 
PAGE 4763. 97 PAGES 



2/3/121 (Item 1 from file: 51) 

00405585 91-B3-b0028 SUBFILE: FSTA 

Yeast 2 MUm vectors replicate and undergo recombination in Torulaspora 
delbrueckii. 

Compagno, C. ; Ranzi, B. M. ; Martegani, E. 

Correspondence (Reprint) address, B. M. Ranzi, Dipartimento di Fisiologia 
e Biochimica Generali, Sezione di Biochimica Comparata, Univ. di Milano, 
Milan, Italy 

Molecular Microbiology 1989 , 3 (8) 1003-1010 

LANGUAGE: English 

2/3/122 (Item 1 from file: 60) 
09154644 

PROJ NO: NYC-186301 AGENCY : SAES NY.C 
PRO J TYPE: STATE 

START: 01 JUL 91 TERM: 30 JUN 92 
INVEST: MACINTYRE R J 
ENTOMOLOGY 
CORNELL UNIVERSITY 
ITHACA NEW YORK 14853 

DEVELOPMENT OF A MORE EFFICIENT INSECT TRANSFORMATION SYSTEM 

OBJECTIVES: The goal of the research described below is to develop a system 
in which DNA canbe both easily and effectively delivered to insect embryos 
and, using the yeast "flip recombinase" system, insure the recovery of 
transgenic animals at high frequencies. 

PRIMARY HEADINGS: R207 Insect Control-Field Crops;A4500 Protection 
Against Insects;C6500 Invertebrates;F1313 Physiology-Other 

2/3/123 (Item 2 from file: 60) ' 

09091400 

PROJ NO: WIS02827 AGENCY : SAES WIS 
PROJ TYPE : STATE 

START: 01 JUL 86 TERM: 30 NOV 96 FY: 1989 

INVEST: COX M M 

BIOCHEMISTRY 

UNIV OF WISCONSIN 

MADISON WISCONSIN 53706 



THE BIOCHEMISTRY OF GENETIC RECOMBINATION 



OSJECTI VESsThe FLP recombinase (derived from yeast) hai; been purified 
extensively. The properties of this protein and the recombination event it 
catalyzes are being studied in vitro. The recombination site utilized by 
this protein has been defined in detail. Studies on the mechanism of action 
of this recombination system are now getting underway. 

PRIMARY HEADINGS: R318 Noncommodity Biotechnology, Biometry; A7080 
Experimental Design, Statistical Methods;C6300 Biological Cell Systems; 
F0114 Biochemistry and Biophysics-Other 

2/3/124 (Item 1 from files 286) 

0050984 Journal Announcements 08APR91 Doc Types 2 

Nature, 15 MAR 1991, Vol (No) 251(4999), Page(s) 1351-1355 

1ST COMPANY/ORGANIZATION NAMEs 

Salk Institute for Biological Studies, The, USA (1921) 



LOCUS YSCPLASM.' 6318 bp DNA circular PLN 31-JUL-1992 
DEFINITION Yeast (S.cerevisiae) 2 micron circle plasmid, complete genome. 
ACCESSION J01347L00321 L00322 L00323 L00324 M10185 M1 1 1 1 1 M11593M14239 

M14240 M14241 M14242 M14243 M14244 M14245 M14253 M14254 M14255 

M14256 M14257 M14258 M14259 M14591 M14592 M14593 M14594 M14595 

M14596 M14597 M14598 V01323 
KEYWORDS DNA-binding protein; Rep-1 protein; Rep-2 protein; circular; 

complete genome; d protein; plasmid; protein FLP; recombinase; 

repeat region. 

SOURCE Yeast (S.cerevisiae, strain A364A D5) DNA, clones pJDB71 , p82-6B ( 

CV20 t pMMD2, pGP20, pJFS166 (see comment). 
ORGANISM Saccharomyces cerevisiae 

Eukaryota; Fungi; Ascomycota; Hemiascomycetes; Endomycetales; 
Saccharomycetaceae. 
REFERENCE 1 (bases 1 to 1022) 
AUTHORS Hindley.J.andPhear.GA. 

TITLE Sequence of 1 01 9 nucleotides encompassing one of the inverted 

repeats from the yeast 2 micron plasmid 
JOURNAL Nucleic Acids Res. 7, 361-375 (1979) 
MEDLINE 80034481 

REFERENCE 2 (bases 1 to 6318; 1 to 6318) 

AUTHORS Hartley.J.L andDonelson.JE. 

TITLE Nucleotide sequence of the yeast plasmid 

JOURNAL Nature 286, 860-865 (1980) 

MEDLINE 81012161 
REFERENCE 3 (bases 3891 to 3990) 

AUTHORS Broach,J.R, Guarascio.V.R. and Jayaram.M. 

TITLE Recombination within the yeast plasmid 2-micron circle is 
site-specific 

JOURNAL Cell 29, 227-234 (1982) fN&S 
MEDLINE 82259368 
REFERENCE 4 (bases 3881 to 4020) 
AUTHORS McLeod,M., Volkert.F. and Broach,J.R. 
TITLE Components of the site-specific recombination system encoded by the 

yeast plasmid 2-micron circle s\ , ^ CL C 



JOURNAL Cold Spring Harb. Symp. Quant. Biol. 49, 779-787 (1984) 
MEDLINE 85153059 
REFERENCE 5 (bases 670 to 732) 

AUTHORS Andrews,B.J., Proteau.GA, Beatty.L.G. and Sadowski.P.D. 
TITLE The FLP recombinase of the 2 micron circle DNA of yeast: 

Interaction with its target sequences 
JOURNAL Cell 40, 795-803 (1985) 
MEDLINE 85176933 
REFERENCE 6 (bases 5570 to 5605) 

AUTHORS Babineau.D., Vetter,D., Andrews.B.J., Gronostajski.R.M., 

Proteau.GA, Beatty.L.G. and Sadowski.P.D. 
TITLE The FLP protein of the 2-micron plasmid of yeast: Purification of 

the protein from Escherichia coli cells expressing the cloned FLP 

gene 

JOURNAL J. Biol. Chem. 260, 12313-12319 (1985) 
MEDLINE 86008307 
REFERENCE 7 (sites) 

AUTHORS Gronostajski.R.M. and Sadowski.P.D. 

TITLE Determination of DNA sequences essential for FLP-mediated 

recombination by a novel method 
JOURNAL J. Biol. Chem. 260, 12320-12327 (1985) 
MEDLINE 86008308 




REFERENCE 8 (sites) 

AUTHORS SuttonA and Broach.J.R. 

TITLE Signals for transcription initiation and termination in the 
Saccharomyces cerevisiae plasmid 2 micron circle 

JOURNAL Mol. Cell. Biol. 5, 2770-2780 (1985) 

MEDLINE 86284639 
REFERENCE 9 (sites) 

AUTHORS Gronostajski.RM andSadowski.P.D. 

TITLE The FLP recombinase of the Saccharomyces cerevisiae 2-micron 
plasmid attaches covalentiy to DNA via a phosphotyrosyl linkage 

JOURNAL Mol. Cell. Biol. 5 t 3274-3279 (1985) 

MEDLINE 86310798 
REFERENCE 10 (bases 667 to 739) 

AUTHORS Senecoff,J.F. ( Bruckner.R.C. and Cox.M.M. 

TITLE The FLP recombinase of the yeast 2-micron-m plasmid: 
Characterization of its recombination site 

JOURNAL Proa Natl. Acad. Sci. U.S.A. 82, 7270-7274 (1985) 

MEDLINE 86042647 
REFERENCE 11 (sites) 

AUTHORS McLeod.M., Craft,S. and Broach.J.R. 

TITLE Identification of the crossover site during FLP-mediated 

recombination in the Saccharomyces cerevisiae plasmid 2 micron 

circle 

JOURNAL Mol. Cell. Biol. 6, 3357-3367 (1986) 
MEDLINE 87089667 

COMMENT [8] sites; mRNA CAP sites and poly-adenylation sites. [9] sites; 
FLP binding. 
[7] sites; FLP cleavage. 

[11] sites; FLP-mediated recombination crossover site. Draft entry 
and clean copy sequence for [5] kindly provided by J.Senecoff, 
24-JAN-1986. 

Yeast 2 micron plasmid contains two 599 bp inverted repeats 
separated by a large unique (UL) and a small unique (US) region. 
During recombination the UL and US regions invert producing two 
sequence forms that differ in the orientation of one unique region 
relative to the other. The A form is presented below. FLP is the 
only 2-micron circle-encoded protein needed for specific site 
recombination between the IRs of 2-micron circle. The minimal size 
of the recombination site required for efficient FLP 
recombinase-cataiyzed recombination in vitro is no more than 28 bp, 
which includes parts of two 13 bp inverted repeats (positions 
690-702 and 71 1-723) and all of an 8 bp spacer (703-71.0) [5]. The 
FLP recombinase cleaves the DNA at the boundaries of the spacer and 
becomes covalentiy linked to the spacer DNA [5],[9]. The 
efficiency of the recombination is reduced if the spacer in a 
recombinant site is increased or decreased by 1 bp, while the 
spacer in the second site is unaltered [5]. Recombination betwsen 
two sites with identical 1-base pair additions or deletions is 
relatively unaffected, suggesting that pairing of sequences in the 
spacer regions is important in FLP-promoted recombination events 
[5]. The sequence asymmetry utilized by the recombinase to 
determine the orientation of the site is located uniquely within 
the spacer region. Another 1 3 bp direct repeat, is found at 
positions 676-688 [5]. FLP-mediated recombination involving two 
FLP sites that are inverted with respect to each other results in 
inversion of the DNA sequences betwsen the sites [4]. If the 
participating recombination sites are in direct orientation, FLP 



promotes only the excision of the intervening DNA sequences [4]. 
The Rep 1 and Rep proteins are involved plasmid partitioning and 
protein stability. 

A start codon in phase with the Rep1 coding region is located at 
positions 1966-1964. Two CAP sites for Rep1 mRNA are located 
beyond the 'atg' codon (position 2008) at positions 2004 and 2005. 
Complete source information: 

Yeast (S.cerevisiae, strain A364A D5) DNA, clones pJDB71 [1], 
p82-6B [2], CV20 [3], pMMD2 [4], pGP20 [5], pJFS166 [10]. 

NCBI gi: 172190 
FEATURES Location/Qualifiers 
source 1..6318 

/organism='Saccharomyces cerevisiae" 



exon 


1..545 


conflict 


replace(( 1 57. 1 60)..{ 1 57. 1 60)/") 




/citation=[1] 


conflict 


repiace((289.290)..(289.290)/ B ) 




/citation=[1] 


repeat_region 341 ..939 




/note="IR2' 


conflict 


replace((464.466)..(464.466) 1 ,, ) 




/citation=[1] 


conflict 


replace(558 ( iB ) 




/citation=[1] 


conflict 


replace(561 ( B> ) 




/citation=[1] 


conflict 


replace((622.624)..(622.624)/ B ) 




/citation=[1] 


conflict 


replace(642/ B ) 




/citation=[1] 


conflict 


replace((665.666)..(665.666), BB ) 




/citation=[1] 


misc.binding 673.722 



/note="FLP recombinase binding site A [9]' 

/bound_moiety="FLP recombinase" 
conflict replace((793.794)..(793.794),") 

/citation=|1] 
mRNA complement(836..2038) 

/note="Rep1 mRNA (alt.)* 
mRNA complement{836..2017) 

/note="Rep1 mRNA (alt.)" 
mRNA complement(836..2019) 

/note="Rep1 mRNA (alt.)" 
mRNA complement(836..2010) 

/note="Rep1 mRNA (alt.)" 
mRNA complement(836..2004) 

/note="Rep1 mRNA (alt.)" 
mRNA complement(836..2005) 

/note="Rep1 mRNA (alt.)" 
CDS complement(887..2008) 

/note="Rep 1 protein; NCBI gi: 172192" 

/codon_start=1 

/db_xref="PID:g172192" 

/translation="MNGERLLACIKQCiMQHFQPMVYDESRCVIETTRGTFPVPDNYK 

KYKTLAFAFVGHVLNTDDTPVIEKELDWPDPALVYNTIVDRIINHPELSQFISVAFIS 

QLKATIGEGLDINVKGTLNRRGKGIRRPKGVFFRYMESPFVNTKVTAFFSYLRDYNKI 



ASEYHNNTKFILTFSCQAYWASGPNFSALKNVIRCSIIHEYISKFVEFEQDKGHIGDQ 

ELPPEEDPSFELNNVQHEVNSLTEQDAEADEGLWGEIDSLCEKWQSEAEDQTEAEIIA 

DRIIGNSQRMANLKIRRTKFKSVLYHILKELIQSQGTVKVYRGSSFSHDSIKISLHYE 

EQHITAWWYLTVKFEEHWKPVDVEVEFRCKFKERKVDG" 
mRNA 2254..2841 

/note="D mRNA (alt.; 5' end +/- 3 bp)' 
mRNA 2254..2861 

/note='D mRNA (alt.; 5' end +/- 3 bp) 1 
CDS 2271..2816 

/note="D protein; NCBIgi: 172193" 

/codon_start=1 

/db_xref="PID:g172193" 

/translation= , MPYKTAIDCIEELATQCFLSKLTDDDVSTFRRVCSKENDIIKLA 

LRIPRTIDYTSILRLLYDTLPLRSLSFNEALPLFCYSIDPAQQRQCDLRFYLRDWKL 

ARPRKRLEMQKALLQWLPSLLSDVTLQLLNDIRIRFEEIQPNIRQTVLQIYDRTCYPS 

LNFEHPNLGVFPETDSIFEPV 
repeat_region 3714..4312 

/note="IR1" 
misc.binding 3930..3979 

/note="FLP-recombinase binding site B [9]" 

/bound_moiety="FLP recombinase" 
mRNA complement(41 08.51 82) 

/note="REP2 mRNA (major alt.)" 
mRNA complements 08..51 83) 

/note="REP2 mRNA (major alt.)' 
mRNA complement(4108..5184) 

/note="REP2 mRNA (major alt.)" 
mRNA complement(41 08.5223) 

/note="REP2 mRNA (minor alt.)' 
mRNA oomplement(4108..5195) 

/note="REP2 mRNA (major alt.)' 
mRNA complement(4108..5198) 

/note="REP2 mRNA (major alt.)* 
mRNA complement(4108..5196) 

/note="REP2 mRNA (major alt.)" 
mRNA complement(4108..5197) 

/note="REP2 mRNA (major alt.)" 
mRNA complements 08..521 2) 

/note="REP2 mRNA (minor alt.)" 
CDS complement(4308..5198) 

/note="Rep 2 protein; NCBI gi: 1 721 94" 

/codon_start=1 

/db _xre^"PID:g172194" 

/translation= , MDDIETAKNLTVKARTAYSVWDVCRLFIEMIAPDVDIDIESKRK 

SDELLFPGYVIRPMESLTTGRPYGLDSSAEDSSVSSDSSAEVILPAAKMVKERFDSIG 

NGMLSSQEASQAAIDLMLQNNKLLDNRKQLYKSIAIIIGRLPEKDKKRATEMLMRKMD 

CTQLLVPPAPTEEDVMKLVSWTQLLTLVPPDRQAALIGDLFIPESLKDIFNSFNELA 

AENRLQQKKSELEGRTEVNHANTNEEVPSRRTRSRDTNARGAYKLQNTITEGPKAVPT 

KKRRVATRVRGRKSRNTSRV" 

mRNA join(5549 .6318.1.545) 
/note='Flp mRNA" 

exon 5549..6318 

CDS join(5570..6318,1..523) 

/note="recombinase(FLP); NCBIgi: 172191" 

/codon_start=1 

/db_xref="PID:g172191" 

/translation="MPQFGILCKTPPKVLVRQFVERFERPSGEKIALCAAELTYLCWM 



ITHNGTAIKRATFMSYNTIISNSLSFDIVNKSLQFKYKTQKATILEASLKKLIPAWEF 
TIIPYYGQKHQSDITDIVSSLQLQFESSEEADKGNSHSKKMLKALLSEGESIWEITEK 
ILNSFEYTSRFTKTKTLYQFLFLATFINCGRFSDIKNVDPKSFKLVQNKYLGVIIQCL 
VTETKTSVSRHIYFFSARGRIDPLVYLDEFLRNSEPVLKRVNRTGNSSSNKQEYQLLK 
DNLVRSYNKALKKNAPYSIFAIKNGPKSHIGRHLMTSFLSMKGLTELTNWGNWSDKR 
ASAVARTTYTHQITAIPDHYFALVSRYYAYDPISKEMIALKDETNPIEEWQHIEQLKG 
SAEGSIRYPAWNGIISQEVLDYLSSYINRRI" 
old_sequence replace(5583") 
/citation=[2] 

BASE COUNT 1876 a 1284 c 1179 g 1979 1 

ORIGIN 1 bp upstream of EcoRI site. 

1 gaattctgaa ccagtcctaa aacgagtaaa taggaccggc aattcttcaa gcaataaaca 
61 ggaataccaa ttattaaaag ataacttagt cagatcgtac aataaagctt tgaagaaaaa 
121 tgcgccttat tcaatctttg ctataaaaaa tggcccaaaa tctcacattg gaagacattt 
181 gatgacctca tttctttcaa tgaagggcct aacggagttg actaatgttg tgggaaattg 
241 gagcgataag cgtgcttctg ccgtggccag gacaacgtat actcatcaga taacagcaat 
301 acdgatcac tadtcgcac tagtttctcg gtadatgca tatgatccaa tatcaaagga 
361 aatgatagca ttgaaggatg agadaatcc aattgaggag tggcagcata tagaacagct 
421 aaagggtagt gctgaaggaa gcatacgata ccccgcatgg aatgggataa tatcacagga 
481 ggtactagac tacctttcat cctacataaa tagacgcata taagtacgca tttaagcata 
541 aacacgcact atgccgttct tctcatgtat atatatatac aggcaacacg cagatatagg 
601 tgcgacgtga acagtgagct gtatgtgcgc agctcgcgtt gcattttcgg aagcgctcgt 
661 tttcggaaac gctttgaagt tcctattccg aagttcctat tctctagaaa gtataggaac 
721 ttcagagcgc ttttgaaaac caaaagcgct ctgaagacgc actttcaaaa aaccaaaaac 
781 gcaccggact gtaacgagct actaaaatat tgcgaatacc gcttccacaa acattgctca 
841 aaagtatctc tttgdatat atddgtgc tatatccda tataacdac ccatccacd 
901 ttcgdcctt gaadtgcat daaadcga cddacatc aacaggcttc caatgdctt 
961 caaattttac tgtcaagtag acccatacgg dgtaatatg dgddtca taatgtaagc 
1021 ttatdttat cgaatcgtgt gaaaaadac taccgcgata aacdttacg gttccctgag 
1081 attgaattag ttcctttagt atatgataca agacactttt gaactttgta cgacgaattt 
1141 tgaggttcgc catcctctgg ctatttccaa ttatcctgtc ggdattatc tccgcdcag 
1201 tttgatcttc cgdtcagac tgccattttt cacataatga atctatttca ccccacaatc 
1261 cttcatccgc dccgcatd tgttccgtta aadattgac ttcatgttgt acattgttta 
1321 gttcacgaga agggtcdd tcaggcggta gctcctgatc tcdatatga cctttatcct 
1381 gttctctttc cacaaactta gaaatgtatt catgaattat ggagcaccta ataacattd 
1 441 tcaaggcgga gaagtttggg ccagatgccc aatatgdtg acatgaaaac gtgagaatga 
1 501 atttagtatt attgtgatat tdgaggcaa ttttattata atdcgaaga taagagaaga 
1561 atgcagtgac ctttgtattg acaaatggag attccatgta tdaaaaaat acgcctttag 
1 621 gccttdgat accctttccc dgcggttta gcgtgcdtt tacattaata tdaaaccct 
1681 dccgatggt ggcdttaac tgadaataa atgcaaccga tataaadgt gataattdg 
1 741 ggtgatttat gattcgatcg acaattgtat tgtacadag tgcaggatca ggccaatcca 
1801 gttctttttc aattaccggt gtgtcgtdg tattcagtac atgtccaaca aatgcaaatg 
1 86 1 daacgtttt gtatttctta taattgtcag gaadggaaa agtccccctt gtcgtdcga 
1921 ttacacacd actttcatcg tacaccatag gttggaagtg dgcataata cattgcttaa 
1 981 tacaagcaag cagtddcg ccattcatat ttcagttatt ttccattaca gdgatgtca 
2041 ttgtatatca gcgdgtaaa aatdatdg ttacagaagg ttttcgcggt ttttataaac 
2101 aaaactttcg ttacgaaatc gagcaatcac cccagdgcg tatttggaaa ttcgggaaaa 
2161 agtagagcaa cgcgagttgc attttttaca ccataatgca tgattaactt cgagaaggga 
2221 ttaaggdaa tttcadagt atgtttcaaa aacctcaatc tgtccattga atgccttata 
2281 aaacagdat agattgcata gaagagttag dadcaatg ctttttgtca aagdtadg 
2341 atgatgatgt gtdadttc aggcgggtd gtagtaagga gaatgacatt ataaagdgg 
2401 cacttagaat tccacggact atagadata dagtatad ccgtdadg tacgatacac 
2461 ttccgdcag gtccttgtcc tttaacgagg ccttaccad cttttgttac tdattgatc 
2521 cagdcagca aaggcagtgt gatdaagat tdatcttcg cgatgtagta aaadagda 
2581 gaccgagaaa gagadagaa atgcaaaagg cacttdaca atggdgcca tcattattat 
2641 ccgatgtgac gdgcagdt ctcaatgata ttcgaatacg ctttgaggag atacagccta 
2701 atatccgaca aadgtttta cagatttacg atcgtadtg ttacccatca ttgaattttg 



2761 aacatccgaa cctgggagtt ttccctgaaa cagatagtat atttgaacct gtataataat 
2821 atatagtcta gcgctttacg gaagacaatg tatgtatttc ggttcdgga gaaactattg 
288 1 catctattgc ataggtaatc ttgcacgtcg catccccggt tcattttdg cgtttccatc 
2941 ttgcacttca atagcatatc tttgttaacg aagcatctgt gcttcatttt gtagaacaaa 
3001 aatgcaacgc gagagcgda atttttcaaa caaagaatct gagctgcatt tttacagaac 
3061 agaaatgcaa cgcgaaagcg ctattttacc aacgaagaat ctgtgcttca tttttgtaaa 
3121 acaaaaatgc aacgcgagag cgctaatttt tcaaacaaag aatctgagct gcatttttac 
3181 agaacagaaa tgcaacgcga gagcgctatt ttaccaacaa agaatctata cttctttttt 
3241 gttctacaaa aatgcatccc gagagcgcta tttttctaac aaagcatctt agattacttt 
3301 ttttctcctt tgtgcgdd ataatgcagt dcttgataa dttttgcac tgtaggtccg 
3361 ttaaggttag aagaaggda ctttggtgtc tattttctct tccataaaaa aagcctgact 
3421 ccacttccog cgtttadga ttadagcga agdgcgggt gcattttttc aagataaagg 
3481 catccccgat tatattctat accgatgtgg attgcgcata ctttgtgaac agaaagtgat 
3541 agcgttgatg attcttcatt ggtcagaaaa ttatgaacgg tttcttctat tttgtdda 
3601 tatactacgt ataggaaatg tttacatttt cgtattgttt tcgattcact datgaatag 
3661 ttdtadac aatttttttg tdaaagagt aatactagag ataaacataa aaaatgtaga 
3721 ggtcgagttt agatgcaagttcaaggagcg aaaggtggat gggtaggtta tatagggata 
3781 tagcacagag atatatagca aagagatad tttgagcaat gtttgtggaa gcggtattcg 
3841 caatatttta gtagctcgtt acagtccggt gcgtttttgg ttttttgaaa gtgcgtcttc 
3901 agagcgcttt tggttttcaa aagcgctdg aagttcctat actttdaga gaataggaac 
3961 ttcggaatag gaadtcaaa gcgtttccga aaacgagcgc ttccgaaaat gcaacgcgag 
4021 dgcgcacat acagdcad gttcacgtcg cacdatatc tgcgtgttgc dgtatatat 
4081 atatacatga gaagaacggc atagtgcgtg tttatgctta aatgcgtad tatatgcgtc 
41 41 tatttatgta ggatgaaagg tagtdagta cctcctgtga tattatccca ttccatgcgg 
4201 ggtatcgtat gcttccttca gcactaccd ttagctgttc tatatgdgc cadcctcaa 
4261 ttggattagt dcatcdtc aatgdatca tttcctttga tattggatca taccctagaa 
4321 gtattacgtg attttdgcc ccttaccdc gttgdadc tccttttttt cgtgggaacc 
4381 gctttagggc cdcagtgat ggtgttttgt aatttatatg dcdcttgc atttgtgtd 
4441 ctacttcttg ttcgcdgga gggaacttd tcatttgtat tagcatggtt cacttcagtc 
450 1 dtccttcca adcadctt tttttgctgt aaacgattd dgccgccag ttcattgaaa 
4561 ctattgaata tatcctttag agattccggg atgaataaat cacdattaa agcagcttga 
4621 cgatctggtg gaadaaagt aagcaattgg gtaacgacgcttacgagdt cataacatd 
4681 tcttccgttg gagdggtgg gadaataac tgtgtacaat ccatttttct catgagcatt 
4741 tcggtagctc tcttcttgtc tttdcgggc aatcttcda ttattatagc aatagatttg 
4801 tatagttgct ttctattgtc taacagcttg ttattctgta gcatcaaatc tatggcagcc 
4861 tgacttgdt dtgtgaaga gagcatacca tttccaatcg aatcaaacd ttccttaacc 
4921 atcttcgcag caggcaaaat tacdcagca dggagtcag aagatacgd ggaatcttd 
4981 gcgdagaat caagaccata cggcdaccg gttgtgagag attccatggg ccttatgaca 
5041 tatcctggaa agagtagdc atcagactta cgtttadd datatcaat atdacatca 
5101 ggagcaatca tttcaataaa cagccgacat acatcccaga cgdataagc tgtacgtgd 
5161 tttaccgtca gattdtggc tgtttcaatg tcgtccattt tggttttctt ttaccagtat 
5221 tgttcgtttg ataatgtatt cttgcttatt acattataaa atdgtgcag atcacatgtc 
5281 aaaacaactt tttatcacaa gatagtaccg caaaacgaac dgcgggccg tctaaaaatt 
5341 aaggaaaagc agcaaaggtg catttttaaa atatgaaatg aagataccgc agtaccaatt 
5401 attttcgcag tacaaataat gcgcggccgg tgcatttttc gaaagaacgc gagacaaaca 
5461 ggacaattaa agttagtttt tcgagttagc gtgtttgaat adgcaagat acaagataaa 
5521 tagagtagtt gaaadagat atcaattgca cacaagatcg gcgctaagca tgccacaatt 
5581 tggtatatta tgtaaaacac cacctaaggt gcttgttcgt cagtttgtgg aaaggtttga 
5641 aagaccttca ggtgagaaaa tagcattatg tgdgdgaa daacctatt tatgttggat 
5701 gattacacat aacggaacag caatcaagag agccacattc atgagdata atadatcat 
5761 aagcaattcg dgagtttcg atattgtcaa taaatcadc cagtttaaat acaagacgca 
5821 aaaagcaaca attctggaag cdcattaaa gaaattgatt cctgcttggg aatttacaat 
5881 tattccttac tatggacaaa aacatcaatc tgatatcad gatattgtaa gtagtttgca 
5941 attacagttc gaatcatcgg aagaagcaga taagggaaat agccacagta aaaaaatgd 
6001 taaagcadt daagtgagg gtgaaagcat dgggagatc adgagaaaa tactaaattc 
6061 gtttgagtat adtcgagat ttacaaaaac aaaaacttta taccaattcc tcttcdagc 
6121 tactttcatc aattgtggaa gattcagcga tattaagaac gttgatccga aatcatttaa 



6181 attagtccaa aataagtatc tgggagtaat aatccagtgtttagtgacag agacaaagac 
6241 aagcgttagt aggcacatat acttctttag cgcaaggggt aggatcgatc cacttgtata 
6301 tttggatgaa tttttgag 



